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by dietary fat and vitamin E. In this thesis different levels of dietary fat (37, 43, 75 and 125 g/kg 
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An increase in the fat level in an isocaloric lactation diet will decrease the 
daily heat production of sows. 
(This thesis) 
II 
The efficiency of milk production from dietary metabolizable energy above 
maintenance requirement is improved when sows are fed a high level of 
dietary fat. 
(This thesis) 
The suckling itself is very costly energetically. It requires about two times 
more energy than the mean level of daily heat production of piglets. 
(This thesis) 
IV 
A high level of vitamin E in the sow's diet during lactation can increase 
the antibody production against ovalbumin in weaned piglets. 
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The diet should be the primary source of vitamin E for lactating sows, 
and suckling and weaned piglets. 
(This thesis and D.C. Mahan, 1991. J. Anim. Sei., 69: 2904-2917.) 
VI 
For milk fat synthesis, fat content of the diet does not need to exceed 
1 1 % . 
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VII 
Extra digestible fat in the lactation diet can be beneficial in a warm 
environment. 
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GENERAL INTRODUCTION 
I. General 
The purpose of a pig breeding herd is high productivity for minimal nutritional input. 
In particular, the cost of the sows' feed must be minimized. Feed costs are the major cost in pig 
production. To balance productivity with the production cost, it is necessary to control those aspects 
of reproduction which are open to manipulation by nutrition. These major aspects include the 
following: milk composition, milk production, body composition of sows (mobilization of fat and 
protein in the sow), litter size, piglet weight, survival of piglets, and, partly, the health status of 
animals. 
The aforementioned traits are also influenced by aspects of management such as housing conditions, 
climatic environment, disease, and behaviour. 
Numerous observations indicate that it is possible to influence the aforementioned traits by feed 
and/or nutrient intake. This means that sufficient feed and nutrient intake of sows play an important 
role in profitable pig production. 
In general, the control of feed intake (voluntary feed intake) of pigs is influenced by a number 
of factors as summarized by NRC (1987, 1988): 
* Physiological factors, including neural and hormonal mechanism, genetic background, 
olfaction and taste. 
* Environmental factors, including environmental temperature, humidity, air movement, number 
of pigs per pen, available space per pig. 
* Nutritional factors, including deficiencies or excesses of nutrients, energy density, antibiotics, 
flavours, feed processing and water. 
These factors have to be taken into consideration for feeding strategies. According to Williams and 
Mullan (1989), there are two steps in the design of feeding strategies for sows. The first involves 
setting reproductive targets (e.g. age and weight for mating gilts, the amount of energy required 
during pregnancy for growth of the conceptus, the amount of energy needed to maintain milk supply 
during lactation yet leave the sow in an acceptable condition at weaning to commence the next 
reproductive cycle). The second step is setting nutrient allowances to meet these specified targets and 
this requires knowledge of the factors that affect the partition of nutrients between maternal tissues, 
the products of conception and milk. 
During lactation, the sow requires nutrients to support maintenance and milk production. Milk 
production has a high priority and if nutrient intake is restricted, the sow will draw on body tissue 
in order to maintain milk production and/or support body maintenance (NRC, 1987). In other words, 
the milk production determines the amount of energy and protein (as the two major nutrients) which 
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need to be supplied in the diet. The amount of energy and protein which is not supplied by feed needs 
to be drawn from body reserves. This may have consequences for reproduction. These sows may have 
considerable weight loss associated with the negative energy balance (Drochner, 1989). A large 
mobilization of muscle tissue during the lactation often occurs in first-litter sows (King and Williams, 
1984b) due to the fact that they may have limited body reserves to draw from. Although the sows can 
experience wide extremes of weight change during lactation, without any great effect on subsequent 
litter size (Varley and Cole, 1978; King and Williams, 1984a,b), weaning-to-mating interval may be 
affected, particularly in first-litter sows. Reese et al. (1982) found that energy intake during lactation 
is responsible for increased weaning-to-mating intervals of primiparous sows. It has also been 
suggested that low protein intake may contribute to extended weaning-to-mating intervals in first-
litter sows (O'Grady and Hanrahan, 1975). 
The total body fat in the piglet at birth represents about 1% of the carcass weight. Much of this 
fat is present as structural fat and is not available for mobilization (Seerley, 1984). Therefore, the 
nutrient and/or energy intake of piglets via colostrum and milk are very important, especially during 
the first week of lactation. The later performance of suckling piglets (gain, litter size, survival, health 
status) is dependant highly on the composition and amount of milk. 
Thus there is sufficient evidence that milk production is one of the most crucial factors in sow 
nutrition which determines both piglets and sow performance. 
The main nutritional goals during lactation are to optimize lactation weight loss and improve milk 
production (or milk nutrients production) and litter performance. Therefore, it is important to study 
the effect of dietary components on amount and composition of milk and on fat and protein 
mobilization in the lactating sow (energy metabolism of sows). 
ARC (1981) has used the factorial approach to estimate energy requirements of lactating sows. 
Factors such as milk production, weight of sows, expected lactation weight loss, litter size and the 
length of lactation must be included in any calculation. This indicates that the dietary energy intake 
can play an important role in altering these traits. Because gilts consume about 15% less energy during 
lactation than multiparous sows (NRC, 1987), there is little chance to improve lactation energy intake 
by increasing daily feed consumption (in kg). The other possibility may be the increase of energy 
density in diets by adding fat. There are indications that fat may be beneficial for energy intake. 
Fat is also an important component for vitamin E requirements. There are two major reasons. The 
first is that vitamin E can act as an antioxidant thus protecting unsaturated fatty acids from oxidation. 
Secondly, vitamin E is a fat-soluble vitamin. Fat may facilitate vitamin E intake and this may 
therefore influence the health status of animals and probably the performance of sows and piglets. 
It can be expected that there is an interaction between dietary fat and vitamin E, especially if fat 
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contains unsaturated fatty acids which are more likely to be oxydized during storage. 
Therefore, in the present investigations, the effects of two nutrients (fat and vitamin E) were 
studied for the amount and composition of milk, and energy metabolism and lactation performance 
of primiparous sows. The effect of vitamin E on the immune system of the lactating sows and their 
piglets was also studied. 
II. Role of dietary fat in sow nutrition (literature) 
Many workers have studied the effects of adding fat to the sow's diet on lactation performance 
as reviewed by Moser and Lewis (1980), Pettigrew (1981), and Drochner (1989). Fat supplementation 
of pig diets is not a novel idea. Moser and Lewis (1980) reported that Hillier in 1950 found that 
growing pigs can make efficient use of diets containing a high fat level. This was reflected by an 
improvement in daily gain and feed conversion efficiency. Similar observations were found in 
poultry. Many workers showed that the addition of fat to poultry diets improved feed efficiency more 
than expected from the increased energy density (Vermeersch and Vanschoubroek, 1968; Jensen et 
al., 1970). This effect has been refered to as an "extracaloric" effect of fat. A large number of studies 
have shown that the effects of fat addition to the sow's diet are not consistent. This can be related to 
different fat composition, to differences in experimental design, and to different conditions of the 
experiments. 
A. Some factors affecting fat utilization 
1. Composition and digestion of dietary fat 
The major site of fat digestion in the gastro intestinal tract in the pig is the duodenum. Basically, 
the digestion involves emulsification of dietary fat by conjugated bile salts, followed by hydrolysis 
of triglycerides into mixtures consisting essentially of monoglycerides and free fatty acids (Wiseman, 
1989). In pigs, saturated fatty acids alone are less absorbed than unsaturated fatty acids (Freeman et 
al., 1968). The micellar formation potential and absorption of saturated fatty acids is increased in the 
presence of unsaturated fatty acids or monoglycerides as reviewed by Stahly (1984). Therefore, the 
digestibility of a particular supplemental fat source in pigs is dependent on the fatty acid composition 
(ratio of unsaturated/saturated fatty acid) of the total diet. The digestibility of fat from diets which 
have a ratio of unsaturated to saturated (U/S) fatty acids greater than 1.5, is high (85-92%) compared 
to diets with a lower ratio (Stahly, 1984). 
Pettigrew et al. (1989) concluded from their study and from literature that nursing piglets can utilize 
medium-chain triglycerides more efficiently than traditional fat sources rich in long-chain 
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triglycerides. 
Moser and Lewis (1980) on the other hand, concluded from the literature data that the type of dietary 
fat seems to be of minor importance for the litter performance. Vegetable oil may have advantages 
in terms of ease of handling, but animal fats are usually less expensive (Moser and Lewis, 1980). 
Drochner (1989) also concluded from different studies that the spectrum of the fatty acids is of 
limited importance for the efficacy. 
2. Dietary fat level 
The level of fat in the sow's diet may play an important role in the performance of lactating sows 
and suckling piglets. In most experiments, fat levels between 7.5 and 15% have been used. This range 
gives the best response in terms of survival of piglets according to Moser and Lewis (1980). 
The results of various studies show that the increase in weaning weight is more favorable if the 
dietary fat concentration in sow's diet was at least 8% and was used through both late gestation and 
lactation periods (Pettigrew, 1981). 
3. Length of time of supplementation 
The length of time of fat supplementation is another variable which may influence the 
performance of piglets. In terms of the number of pigs weaned per litter, it seems to be more 
beneficial to add fat either in late gestation, or lactation rather than in both periods (Moser and 
Lewis, 1980). In terms of survival of piglets, the addition of fat to sow's diet during gestation alone 
or during gestation and lactation gave the largest response. 
4. Other dietary factors 
Stahly (1984) and Freeman (1984) concluded from their reviews that the digestibility of dietary 
fat is influenced by those dietary factors which depress the absorption of nutrients in the small 
intestine. This may be done by potentially altering the rate of passage of the digesta or partly 
insolubilizing the dietary fat. Carbohydrate sources (e.g. barley straw or potato starch) which depress 
the absorption of nutrients in the small intestine and stimulate fermentation in the hind gut, have 
been shown to depress fat digestibility in pigs (Stahly, 1984). Dietary fibre also depressed fat 
digestibility in the chick and laying hen (Scheele, 1981). 
High levels of dietary minerals (Ca, Mg) may also depress the digestibility of long-chain fatty 
acids in rats. The magnitude of this relationship in pigs, however, has not been clearly defined. 
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B. Dietary fat and lactation performance 
1. Live weight of sows and piglets 
Cox et al. (1983) reported that sows fed a control diet (no additional fat) or 10% fat supplemented 
diets ad libitum, lost weight during lactation on both diets. During the summer period no differences 
between the control and treatment groups were found. However, in the winter trial, sows fed the fat-
supplemented diet lost more weight than control animals, probably due to less heat increment. 
Schoenherr et al. (1989) found that weight change in the sow during a 22-day lactation period was 
not affected by diets containing starch or fat in either a thermoneutral (20 °C) or a hot (32 °C) 
environment, when sows were fed ad libitum. 
Seerley et al. (1981) reported that sows fed a diet ad libitum without fat supplementation did not 
consume extra feed or had a different weight loss compared to sows with 10% added corn oil or 10% 
added animal fat in their diet. Control animals, which showed greater weight loss, generally had a 
lower energy intake. Nelssen et al. (1985) found that sows fed at a restricted level with a tallow-
supplemented diet from gestation throughout lactation lost more weight during lactation, than animals 
fed a diet with cornstarch. They concluded that the short adaptation period (6 days) to the diet 
containing animal fat may have resulted in poor digestion of animal fat. Restricted energy intake 
during lactation, lower digestion of dietary fat and higher energy content in the milk may result in 
extra weight loss of sows. 
Data from the literature show that, overall, dietary fat had only minor or no effect on the piglet 
weight at either birth or weaning (Moser and Lewis, 1980). Pettigrew (1981) reviewed 16 trials (no 
creep feed during suckling) in which 9 trials showed a positive effect on the weaning weight of 
piglets when fat was adding to sow's diet and 7 trials showed nothing or a small negative effect. He 
concluded that the mean piglet weight at weaning appears to increase if the dietary fat concentration 
is at least 8%. Coffey et al. (1982) and Nelssen et al. (1985) reported no significant differences in 
average piglet weight during the suckling period if the sow's diet was supplemented with fat. 
Many studies were conducted to determine the dietary fat effect on weight change of sows and 
their piglets, but the results are inconsistent. The results of experiments indicate that supplemental 
fat during lactation may provide two benefits, a reduction in the weight loss of the sows, and an 
increased weaning weight of the litter. However, both responses are not large and may not justify the 
cost of the fat (Pettigrew, 1989). 
2. Survival of piglets 
Pre-weaning mortality is a major source of animal losses. During the suckling period the 
mortality of piglets is approximetaly 14 % (Baltussen, 1988). Many pre-weaning piglet deaths may 
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result from a shortage of energy (Pettigrew, 1989). Addition of fat to the sow's diet during late 
gestation, in that case, might increase the fat content of the colostrum and milk, and this will increase 
the total amount of energy transferred to the piglets via the mammary glands of sow (Pettigrew, 
1989). Reviews on the subject (Moser and Lewis, 1980; Pettigrew, 1981; Seerley, 1981; Drochner 
1989) suggest that this increased transfer of energy to the piglets may improve their survival rate. 
Most of the studies from the gestation group showed improvement in piglet survival rate. However, 
when fat was added after farrowing, little effect was observed (Seerley, 1984). 
It should be noted that when pre-weaning survival is at an acceptable level, it is not improved 
by additional fat. With low pre-weaning survival, however, supplemental fat can be beneficial but 
there are probably more effective means of improving it (Pettigrew, 1989). Drochner (1989) also 
concluded from the literature data, that the positive effect of dietary fat for survival is predominant, 
when birth weights are low and when there are large litters and low survival rates. 
3. Milk composition 
The effect of dietary fat on the composition of milk, (particularly the fat content) has been 
widely investigated. Fatty acids in the milk are derived from two sources: firstly from the blood lipids 
which include both endogenous and dietary fatty acids. Secondly, it may be derived from de novo 
synthesis in the mammary glands (Hartmann and Holmes, 1989). This means that the concentration 
of fat in colostrum and milk can be increased by increasing the fat level in the sow's diet, as has been 
found in numerous studies (Miller et al., 1971; Friend, 1974, Seerley et al., 1974, 1978a,b; Boyd et 
al.,1978; Coffey et al., 1982, Pettigrew, 1981; Drochner, 1989). 
Contents of protein, lactose, and total solids, were not affected by the fat level in the sow's -diet 
according to Coffey et al. (1982) and Drochner (1989). 
4. Milk production 
The effect of dietary fat on the milk yield of sows in various studies, are given in Table 1. The 
data demonstrate that the comparison of results between different studies is difficult because the daily 
feed and/or ME intake of sows during lactation was not always controlled. Also, different measuring 
techniques for estimation of milk yield (weigh-suckle-weigh method, D20 dilution technique, 
regression equation relating pig weight gain) were used. These may influence the magnitude of milk 
production. Furthermore, in most studies multiparous sows were used or there is no information about 
the effects of parity. 
Generally, it may be concluded from the literature data that fat addition to the sow's lactation diet 
may only have a slightly positive effect on the milk production of sows, or no effect at all. 
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Table 1. Effect of supplemental dietary fat on milk production of sows in various studies 
Reference 
Pettigrew (1981)a 
Boyd et al. (1982)b 
Coffey et al. (1982)b 
Lellis and Speer (1983)b 
Shursonet al. (1986)b 









































 Review and own results. 
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 Own experimental results. 
C. Energy metabolism and fat 
The effect of dietary fat on energy metabolism of lactating sows has not been studied intensively. 
Most investigations used rats, growing pigs, non-pregnant non-lactating sows or other species. The 
most important question for fat nutrition during lactation is whether the extra dietary fat can 
influence the energy balance, heat production, or an alteration in body composition (mobilization of 
fat and protein in sow). If so, fat might be used to manipulate the metabolism of sows. Another 
important question is whether it is possible, in a well controlled experiment to improve the efficiency 
of milk production from metabolizable energy of feed (ME) above maintenance with a high level of 
dietary fat. 
Nutrients are required by animals both as an energy source and as materials for the construction 
of body tissues and the synthesis of milk and eggs. This production requires energy above that 
required for maintenance. Energy supplied by feed in excess of that needed for maintenance is used 
for the various forms of production. A young growing animal will store energy in the form of protein 
in its new tissues at a greater rate than a mature animal. The latter will store relatively more energy 
as fat and a lactating animal will transfer feed energy into the energy in milk constituents (McDonald 
et al., 1988). However, it also must be pointed out that piglets store more energy as fat than as protein 
(Whittemore et al., 1978). 
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The ingestion of feed by animals is followed by losses of energy, not only as the chemical energy 
in its solid, liquid and gaseous excreta, but also as heat. Heat is produced as a result of the many 
metabolic processes occurring within the animal. The extent to which it occurs is not only 
charactaristic of the animal per se, but is dependent upon nutritional, productive, environmental and 
other related factors (Close and Verstegen, 1981). This may indicate that the dietary nutrients such 
as fat and carbohydrates may also influence energy metabolism and particularly the thermogenesis 
of animals. 
The relative energetic value of fat and carbohydrates for body metabolism depends on the use 
of that energy source for maintenance or for tissue synthesis (Chudy and Schiemann, 1969; Nehring 
and Haenlein, 1973). A study with growing rats indicated that dietary fat calories appear to be 
preferentially utilized for body-fat synthesis rather than for other purposes (Chudy and Schiemann, 
1969). The greater efficiency of utilizing fat calories for fatty tissue synthesis is because dietary fat 
can be directly incorporated into body fat, which minimizes the heat losses normally associated with 
fat synthesis from acetyl Co A (Stahly, 1984). This suggests that absorbed dietary fatty acids may be 
preferentially used for the formation of body fat if sufficient alternative energy sources are present 
in a ratio to meet all other energy requirements. It would be expected that the efficiency of utilization 
of ME would increase as the proportion of that energy derived from dietary fat increased, until the 
capacity of the animal for lipogenesis is exceeded (Hillcoat and Annison, 1974). The effect of dietary 
fat on efficiency thus depends on the feeding level and on how much fat deposition from the diet 
occurs. 
The results of heat production and energy balances have shown that the response to dietary fat 
is variable. Muller and Kirchgessner (1980) found no differences in heat production and in energy 
retention in mature, non-pregnant sows fed a diet containing only protein and fat or a mixed diet 
(protein and carbohydrate plus fat). Kirchgessner and Muller (1984) reported that, in non-pregnant, 
non-lactating, mature sows, a high-fat diet fed at approximately maintenance level had no diet-
induced thermogenesis compared to a carbohydrate-rich diet. Prabucki and Schiirch (1977) also found 
that, in rats fed at a low level of intake, the ratio of carbohydrates to fat in isocaloric diets had no 
effect on heat production. 
Hillcoat and Annison (1974), on the other hand, noted that with growing pigs heat production tended 
to decrease with increasing dietary fat level. It should be noted, however, that the daily level of ME 
intake of their animals was higher compared to some other studies. In most other studies, animals were 
fed at approximately maintenance level, and this explains why, in most cases, no effects were found. 
It is relevant therefore, to measure the effects of fat addition to the diet on energy metabolism in 
animals which have a high feeding level e.g. lactating sows. 
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III. Role of dietary vitamin E in sow nutrition (literature) 
A. General 
/ . Name, chemical forms and absorption of vitamin E 
Vitamin E is the name given to a group of 8 chemicals called tocopherols (Mackinnon, 1989). The 
multiple nature of vitamin E became evident in 1936 when Evans and his co-workers (after Ullrey, 
1981) isolated two compounds with vitamin E activity from wheat germ oil. These were named a- and 
ß-tocopherol. Subsequent investigations isolated 7- and 5-tocopherols and disclosed the existence of 
four tocotrienols in several vegetable oils (Ullrey, 1981). The most biologically active form is a-
tocopherol. A synthetic form, a-tocopheryl acetate, is used to supplement naturally-occuring 
tocopherols in feedstuffs. There are two forms of a-tocopheryl acetate, the "d" and "1" isomers 
(sometimes also "D" and "L" are used depending on the editorial policy). The d-isomer is more active 
than the 1-isomer (Mackinnon, 1989). Because a-tocopherol has the highest vitamin E activity, it is 
common to assay this isomer only rather than to perform the more difficult separation and 
quantification of all eight natural compounds (Ullrey, 1981). 
The concentration of vitamin E-active compounds is low in animal tissues and occur as a consequence 
of the consumption of tocols and tocotrienols in plants or commercially produced tocopherols fed as 
dietary supplements. 
Absorption of vitamin E is related to fat digestion and is facilitated by bile and pancreatic lipase (Wiss 
et al., 1962, after Ullrey, 1981). 
2. Vitamin E supplementation to sow diets 
The recommendation for supplementation of vitamin E to sow diets varies considerably among 
different countries (Table 2.). In Denmark, the dietary supplemental level of vitamin E is 37 IU/kg 
diet, while in many other countries the levels used are much lower. In the Netherlands, the level of 
vitamin E used is 9 IU/kg diet. Within a country sow diets can vary from 10 to 30 IU/kg diet (Klaver 
and den Hartog, 1983). 
Table 2. Recommended levels of supplementation of vitamin E in sow diets (IU/kg) in several 
countries (Klaver and den Hartog, 1983) 
U.K. Canada/US 
(ARC,1981) (NRC,1988) 




Germany France Denmark 
(DLG.1982) (AEC.1988) 
20 14 37 
IU= international unit= 1 mg a-tocopheryl acetate. 
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3. Vitamin E (a-tocopherol) concentration in blood, colostrum and milk 
Several papers have demonstrated that plasma and serum vitamin E (a-tocopherol) concentration 
in sows, may be influenced by dietary vitamin E level (Young et al., 1977; Loudenslager et al., 1986). 
Drochner (1976) concluded from different studies that a-tocopherol concentration in the serum is in 
equilibrium with dietary vitamin E. Therefore, the serum a-tocopherol concentration is not a good 
parameter for estimation of the tocopherol status of the animal, but it can be a good indicator for 
vitamin E content of the diet. 
Prior to suckling, a-tocopherol concentration in the serum of the newborn piglets is low. The low 
plasma and tissue levels of a-tocopherol in the neonatal pigs suggest that there is a low rate of vitamin 
E transfer across the placenta (Pharazyn et al., 1990). 
During suckling, colostrum represents the major source of vitamin E for the neonate, providing 
an accumulation of tissue reserves of a-tocopherol seen in the first week of life (Dvorak, 1979). 
Cline et al. ( 1974), Young et al. ( 1977) and Loudenslager et al. ( 1986) found that a-tocopherol content 
of sow colostrum and milk was increased with added vitamin E in the diet. Malm et al. (1976) 
reported that animal fat from lard tended to promote a higher concentration of a-tocopherol in milk 
fat than corn oil did (Table 3.). 
Results of these studies indicate that a-tocopherol concentration in colostrum and in milk can be 
enhanced by a higher level of dietary vitamin E. 
4. Factors influencing the vitamin E needs of swine 
Many factors may influence the vitamin E needs of swine. Adams and Zimmerman (1982)have 
published a survey of various dietary factors such as content, bioavailibity and stability of vitamin 
E, content of selenium in the diets, and animal factors (e.g. performance). It has also been stated in 
many reports that increasing the fat content of the diet, particularly the polyunsaturated fatty acid 
(PUFA) content, increases the requirement for a-tocopherol (Pharazyn et al., 1990). 
B. Main functions of vitamin E in animals 
In various investigations it has been reported that vitamin E may play a role in improving the 
reproductive performance of sows. It appears to function as an intracellular antioxidant (Putnam, 
1982). It also may influence the architecture of membrane phospholipids, inhibit the aggregation of 
blood platelets, and improve the immune status and the response to infection (Ullrey, 1981). 
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Table 3. Influence of vitamin E and polyunsaturated fat level 
colostrum and milk (taken from Malm et al., 1976) 
Diet Low vit.E High vit.E 
lard lard 
13 
in gestation diets on a-tocopherol in 
Low vit.E High vit.E 
corn oil corn oil 
a-tocopherol (/ig/g fat) 
Colostrum 24a(3)1 212a(4) 14a(2) 90b(2) 
(15-34)2 (184-251) (7-21) (51-130) 
Milk at 4a(l) 43b(4) la(l) 35b(3) 
three weeks (32-58) (27-44) 
1




 Data within a row with different superscripts are significantly different from each other 
(P < 0.05). 
1. In vivo antioxidant, blood clotting, prostaglandins synthesis 
The cell membrane contain various fats or lipids, many of which are unsaturated. This means 
that, unlike saturated fats, they do not contain their full complement of hydrogen atoms.Therefore, 
they are "open" to take up certain elements, particularly oxygen. Oxidation of lipids describes the 
process by which fats become rancid. Without vitamin E, body lipids undergo a similar process 
(Mackinnon, 1989). 
The antioxidant properties of vitamin E also help to maintain the structure and function of red blood 
cells, blood vessels, the nervous system and the endocrine and hormonal system. As reviewed by 
Ullrey (1981), it appears that vitamin E is an inhibitor of platelet aggregation. The increase in lipid 
peroxides normally associated with platelet aggregation is reduced by vitamin E. 
Vitamin E also may modulate synthesis of prostaglandins, which are important regulators of immune 
responses. Since increased prostaglandin concentrations may be immunosuppressive, the ability of 
vitamin E to prevent infection-induced increases in prostaglandins may also contribute to the 
enhancing effects of vitamin E on the immune response (Sheffy and Schultz, 1979; Likoff et al., 
1981). 
2. Immunity 
The effect of vitamin E on the immune system of animals has been reviewed by Ullrey (1981); 
Nockels (1983, 1986) and Pharazyn et al. (1990). How vitamin E influences the immune system of 
animals is not clearly understood. Vitamin E seems to exert its enhancing effect on the immune 
response by stimulating ubiquinone synthesis and this compound increases phagocytic activity 
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(reviewed by Herlyn and Glaser, 1976). Tocopherols do indeed stimulate phagocytosis, however, 
exceeding the dose results in the opposite effect (Gropp and Birzer, 1989). 
Some studies have demonstrated that vitamin E can improve humoral and cell-mediated immunity 
of animals. 
Studies with chickens have shown that vitamin E enhances resistance to bacterial infection and 
also the humoral immune response to antigenic stimulation (Tengerdy et al., 1972; Tengerdy and 
Nockles, 1975; Tengerdy and Brown, 1977). Protection from bacterial infection was correlated with 
increased phagocytosis and increased antibody production (Tengerdy and Brown, 1977). 
Hayek et al. (1989) reported that a single i.m. injection of vitamin E and/or selenium into the sows 
on day 100 of pregnancy subsequently increased IgG concentration in piglet serum on day 14 of 
suckling. 
Tanaka et al. (1979) found that vitamin E stimulated the helper activity of T-lymphocytes in mice. 
In 7 to 10-week-old mice after injection of vitamin E (Yasunaga et al., 1982) and in weanling rats fed 
a vitamin E supplemented diets (Bendich et al., 1986), the increased lymphocyte mitogenic response 
indicated that vitamin E could influence cellular immunity. Other studies with weaned piglets, 
however, did not indicate an effect of dietary vitamin E on humoral and cell-mediated immune 
response (Kornegay, 1986; Bonnette et al., 1990a,b). 
Data from literature show that the effect of vitamin E on the immune response of animals is not 
consistent and only scarce information is available on lactating sows and suckling piglets. In most 
studies chickens, rats, mice, weaned piglets, or other species were used. 
3. Reproductive performance and milk production of sow 
Several investigations have concluded that vitamin E can influence reproductive performance of 
sows. This effect is more pronounced in older sows than in gilts (Adams and Zimmerman, 1982; 
Chavez and Patton, 1986; Mahan, 1991 ). Results in a few trials indicate that after the second and third 
farrowing, sows fed supplemental vitamin E had more live piglets born per litter and heavier piglet 
weight at three weeks of lactation compared to the unsupplemented sows. 
Malm et al. (1976) found no significant effect of high vitamin E supply on reproductive performance 
(number and weight of piglets) of 7 to 8 month-old sows fed with sunflower oil or animal fat. Nielsen 
et al. (1979) also reported that higher levels of selenium and vitamin E (45 mg/kg diet) in the sow's 
diet had no significant effect on litter size nor on piglets' weight. Adams and Zimmerman (1982) 
reported, that multiparous sows fed supplemental vitamin E had increased milk production compared 
with unsupplemented sows. Nielsen et al. (1979) also found a tendency to an increase in milk yield 
of the sows following additions of selenium and vitamin E to the diet. In an earlier study, Nielsen et 
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al. (1973) observed a dramatic drop in milk production for sows on low vitamin E diets. 
IV. Conclusions from literature and scope of present thesis 
From the literature it can be conluded that the effect of fat addition to the sow's diet on practical 
traits has been studied quite extensively. Data have shown that the fat concentration in colostrum and 
milk is increased with higher dietary fat levels in the sow's diet. Although most of the studies 
suggested an increase in weaning weight with extra fat in the diet, the increases were small and 
usually not statistically significant. Adding fat to sow diets can improve pig survival. However, the 
improvement is small, and has not been observed in all experiments. Data from different studies have 
shown also that the fat supplementation had no clear effect on the weight change and milk production 
of sows. 
There is only limited information on the energy metabolism of lactating sows (energy balance, heat 
production, protein and fat mobilization) fed different levels of dietary fat. Data available mostly 
relate to non-lactating animals and are somewhat inconsistent. 
Results from different trials have shown that dietary vitamin E can increase the a-tocopherol 
concentration in serum, colostrum and milk. In the literature, studies with chickens, rats, mice, and 
with weaned and growing pigs, indicate that vitamin E may influence the immune system of these 
animals. However, the systematic studies on the effects of vitamin E on the immune response in 
lactating sows and suckling piglets are very limited and the results are not consistent. Results showed 
only minor positive vitamin E effects on reproduction performance and on milk production. 
Data of literature show that the parity may determine the effect of fat and vitamin E. Because 
multiparous sows may have a more variable history between animals it was arbitrarily decided to 
focus on primiparous sows. Moreover, primiparous sows have a lower feed intake and so fat may have 
a larger effect on their energy balance traits than in older sows. 
Fat probably stimulates the energy output in milk. This will undoubtedly have an effect on energy 
metabolism. Vitamin E may have an effect on fat uptake from the gastrointestinal tract especially at 
high levels of unsaturated fat. This has not been investigated until now. Therefore, we decided to 
study the interaction of dietary fat and vitamin E with regard to energy metabolism. 
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The present thesis therefore, focuses on the following questions: 
1. What is the effect of different levels of dietary fat and vitamin E in the lactation diet on: 
* the energy metabolism of primiparous lactating sows (Chapter 1 and 2); 
* the lactating performance of primiparous sows and their piglets (Chapter 3 and 4); 
* the composition of milk (Chapter 3 and 4); 
* the milk production and efficiency of milk production of primiparous sows (Chapter 1, 3 
and 4); 
2. What is the effect of different levels of dietary vitamin E and different types of dietary fat in the 
sow's diet on: 
* the lactation performance of primiparous sows and their piglets (Chapter 4); 
* the immune response of primiparous sows and their piglets (Chapter 5 and 6). 
In the present thesis both vitamin E and a-tocopherol are used interchangeably i.e. vitamin E. In 
various chapters which have been submitted to different journals, one or the other is used depending 
on the requirement of the journal. Both names refer to the same compound, however. 
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Effect of dietary fat level and vitamin E on energy- and nitrogen 
balances of primiparous lactating sows 
Abstract 
A total of 63 primiparous hybrid sows were used in two experiments to study the effect of different 
fat and vitamin E levels in the lactation diet on the energy balance |EB] and nitrogen balance [NB| 
of animals. The experiments were used to measure the efficiency of milk production of sows from 
metabolizable energy of feed. In experiment 1 the major difference in energy sources in the lactation 
diets were tapioca starch or animal fat. Fifteen sows received the low-fat diet (starch and fat 
content: 396; 43 g/kg DM) and 16 sows were fed a moderate fat-level diet (starch and fat content: 
286; 75 g/kg DM) during 4 weeks of lactation. In experiment 2 cornstarch (200 g/kg) was 
substituted by animal fat. Sixteen sows were fed during 4 weeks of lactation a low-fat diet (starch 
and fat content: 418; 37 g/kg DM) and 16 were fed a high-fat diet (starch and fat content: 266; 125 
g/kg DM). Vitamin E contents in experiment 1 were: 14 or 126 mg/kg diet and in experiment 2: 22 
or 151 mg/kg diet. In both experiments EB and NB of sows were measured between days 18 and 25 
of lactation in respiration chambers. It was concluded that sows fed a high level of dietary fat 
produced more milk energy (P < 0.05). The efficiency of milk production from ME was improved (P 
< 0.05) with high dietary fat compared to low-fat diet. Animals fed the high fat level had a more 
negative EB (P < 0.05) when ME intake was controlled. The NB was not affected by the dietary fat 
levels. The dietary vitamin E did not improve the traits tested. 
Key Words: Sow, Fat, Vitamin E, Energy balance, Nitrogen balance. 
Introduction 
Weight losses of sows during lactation can vary considerably. In cases where sows do not consume 
sufficient energy for milk production and/or when they have a large litter size they are in negative 
energy balance (Drochner, 1989). This negative energy balance of sows during lactation may affect 
the change in body weight and its composition (Lange et al., 1980). Body condition may be particular 
problem in primiparous sows. Low lactation feed intake in these sows leads to mobilization of their 
body reserves for milk production. It is thought that this may affect the subsequent reproductive cycle 
(Mullan and Williams, 1989). Fat and protein mobilized can vary considerably (Mullan and Williams, 
1990) and this is influenced by the diet. The energy density of sow's diet can be increased by adding 
fat, oil or carbohydrate to the diets. Many workers showed that the addition of fat to poultry diets 
improved feed efficiency more than expected from the increased metabolizable energy (Vermeersch 
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and Vanschoubroeck, 1968; Jensen et al., 1970). This effect has been referred to an "extracaloric" 
effect of fat. Several studies have shown that the addition of fat to sow diets during late gestation 
and/or lactation may increase the concentration of fat in colostrum and milk (Pettigrew, 1981; Britt, 
1986). In some experiments in literature the milk production of sows was also increased (Pettigrew, 
1981; Coffey et al., 1982). Other investigations, however, have shown that the addition of fat does 
not improve lactational performance of sows fed a low level of energy intake in comparison with 
other forms of energy in isocaloric diets e.g. cornstarch (Nelssen et al., 1985). In most studies the 
performance of sows and piglets and the composition of milk have been measured. However, only 
limited information is available on the energy metabolism of lactating sows when fed different levels 
of dietary fat. 
Therefore, two experiments were conducted with primiparous sows to determine the effects of 
different dietary fat levels in the lactation diet on the energy- and nitrogen balances and on the 
efficiency of milk production. 
Materials and Methods 
Experiment l\Exp.l\ 
Animals. A total of 32 first litter PIC (Pig Improvement Company, England) hybrid sows were 
assigned to four batches of 8 animals each. One animal had to be removed from the experiment at day 
14 of lactation. 
Experimental Design and Diets. In two basal diets the major difference in energy sources were tapioca 
starch (low-fat diet: Tst) or animal fat (moderate-fat diet: A). The animal fat was slaughtering waste, 
packing house by-product (Nederlandse Thermo-Chemische Fabrieken, The Netherlands). Both basal 
diets contained low levels of vitamin E [vit. E], [L] (13 and 16 mg of a-tocopherol per kg feed).In 
high level diets [H], these were supplemented with DL-a-tocopheryl acetate to levels of vit. E of 117 
and 135 mg a-tocopherol per kg feed respectively (average analysed values, Table 1). The animals in 
batches 1 and 4 were fed diets LTst or LA those in batches 2 and 3 diets HTst or HA. In each batch 
four animals were fed the same dietary composition. 
Feeding and Housing. During pregnancy gilts were fed 22 MJ NE/day (2.4 kg feed/day) of a diet 
contained 15 mg of vit. E/kg feed. This energy intake level of about 1.2 times of maintenance is in 
accordance with recommendation of ARC (1981). This level was also chosen to prevent low feed 
intake during lactation. The experiment started after farrowing and lasted until weaning after 4 weeks 
of lactation. Sows received the experimental diets during lactation from one day after farrowing 
onwards. During lactation each sow was fed a maintenance level of feed, assumed to be 1 % of body 
weight, plus 0.4 kg per piglet for lactation (Babinszky et al., 1990, unpublished data), thus we 
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 Average analysed values. 
c
 As a-tocopherol (analysed values). In exp.2 in animal fat group 0.868 kg diet contains a same 
amount of vit. E as 1 kg diet in starch group. 
standardized at same energy intake. The main composition of lactation diets is given in Table 2. Creep 
feed was not provided. Litter size after farrowing was standardized to 10 piglets in batch 1 and to 9 
piglets in batches 2, 3 and 4. On day 110 of gestation each gilt was moved to a farrowing barn and 
placed in a farrowing crate until day 13 of lactation. Between days 14 and 27 of lactation (until 
weaning) the 8 sows of each batch with their piglets were assigned to two climate-respiration 
chambers (80 ms each). Sows were housed individually in metabolic cages (4 sows on the same diet 
with their piglets per chamber). 
Energy- and Nitrogen Balance of Sows. Measurements of the energy- and nitrogen balance of sows 
were made in the respiration chambers. After 4 days of adaptation to the respiration chamber, energy 
balances [EB] and nitrogen balances [NB] of sows were determined from energy and N in feed, feces, 
urine and milk over a 7 day collection period, which was between days 18 and 25 of lactation. N 
balance was corrected for NH3 escaping in the air, for condensated water and for N content of dust 
on airfilter. During the 7 day balance period, two respiration measurements were made in 9 min 
intervals during periods of 48 h and 72 h, respectively. Heat production (sows plus piglets per 
chamber) was determined indirectly by measuring of the C0 2 produced and the 0 2 consumed 
(Verstegen et al. 1987). The heat production of sows [HP] was derived from the total heat production 
(sows plus piglets per chamber) by subtracting heat production of piglets. Heat production of piglets 
was calculated by assuming efficiencies for milk to piglet EB is 0.95 as found by Jordan (1971). Daily 
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 Both diets in both experiments contained low and high vitamin E level as stated in Table 1. In 
experiment 2 0.868 kg of Diet 2 contains the same amount of ingredients and nutrients apart 
from starch and fat content as 1 kg of Diet 1. 
c
 1 kg basal premix contains in exp.l: DL-alpha-tocopheryl acetate 2000 mg, selenium 27 mg. See 
also Babinszky et al.(1992). 
In exp.2: DL-alpha-tocopheryl acetate 2400 mg, selenium 20 mg. See also Babinszky et al.(1991). 
d
 Exp.l: Details of other components have been reported by Babinszky et al. (1992). Exp.2: alfalfa 
meal, cane molasses, meat meal tankage, DL-methionine, DL-lysine, monocalcium phosphate, 
salt. 
e
 According to the Rostock net energy system: Centraal Veevoederbureau (CVB,1988). 
f
 Faecal digestibility (CVB, 1988). 
maintenance requirement of piglets was assumed as 450 kj/kg0,75 according to Verstegen et al.(1985). 
For the statistical analysis one average value of daily HP or EB per chamber (kJ/W075) was used. 
Calorimeter conditions throughout the experiment were maintained at 18 °C air temperature and 65% 
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relative humidity. The light regimes in chambers were 12 hrs L (light) - 12 hrs D (dark). Light was 
on from 0700 until 1900. Heat lamps were used for piglets and placed at about 60 cm above the floor 
in each crate in the farrowing barn and also in respiration chambers. 
Milk Production of Sows. Milk production of sows was measured by weighing piglets before and after 
various sucklings at days 16, 21 and 26 of lactation. The milk production of sows per suckling was 
obtained from 5 to 6 consecutive measurements at one-hour intervals on one measuring day. 
Multiplying by 24 gave the daily milk production, assuming 24 sucklings per day. It was found from 
peaks in heat production that piglets suckled about 24 times per day (Chapter 2). For the calculation 
of milk yield, corrections for weight loss of piglets due to metabolic rate, evaporations, urinations and 
defecations during suckling were applied (Babinszky et al., 1992). The total milk production of sows 
during the balance period was estimated from the mean daily milk production of the three 
measurement days. Multiplying by duration of the balance (7 days) resulted in the total milk yield 
during balance. 
Calculation of Daily Protein- and Fat Gain of Sows. The protein and fat gain of sows (g/d per sow) 
during the balance period were calculated by the following formulas: 
Protein gain: (NB x 6.25) x W075; 
Fat gain : ((EB-(protein gain x 23.85) / 39.75) x W075 
where: NB= daily nitrogen balance of sow (g N/kg°-7S); EB= daily energy balance of sow (kJ/kg075); 
W°-75= average metabolic weight of sow during balance; 23.85 kj/g and 39.75 kJ/g are respectively 
calorific values of protein and fat (Brouwer, 1965). 
Estimation of Daily Gain of Sows. The daily gain of sows during balance period was computed from 
protein and fat gain since only short period (7 days) are involved. The calculation was done as follows: 
Daily gain of sow (g)= (protein gain x 4)+(fat gain x 0.95) 
According to van Es and Boekholt (1987) the deposition of 1 g protein involves a weight gain of about 
4 g. However, a deposition of 1 g fat may result in a live weight change of only 0.90 - 0.95 g. 
Estimation of Efficiency of Milk Production of Sows from Feed. We assumed that energy source 
(dietary fat level) has a bigger effect on efficiency than on ME need for maintenance (MEm), because 
feeding level is about 4 times higher than maintenance requirement. Therefore, the efficiency of milk 
production from feed ME was calculated in the following way: 
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All ME intakes were corrected to a zero EB. This means that all milk production was to be related to 
ME intake and not from body stores. Calculations were made as follows: 
ForEB<0: MEC = ME - (1/0.80) x EB 
(0.80 was taken from Verstegen et al. (1985)) 
The factor of 0.80 reflects the assumption that 0.80 MJ of energy from the body is as effective in 
supporting milk production as is 1 MJ of dietary ME. 
ForEB>0: MEC = ME - (1/0.70) x EB 
(0.70 as efficiency of EB from ME was taken from Verstegen (1971)) 
where: MEC = ME intake corrected to zero EB; ME = daily ME intake (kJ/kg07S); EB = daily energy 
balance (kJ/kg075). 
In the literature varying values for MEm are being reported with different efficiencies. We assumed 
from literature a value of 420 kj ME/kg0,75 for the daily maintenance requirement. The efficiency 
of milk production was calculated in the following way in both experiments for all treatment groups: 
Effmp = LE / (MEC - MEm) 
where: Effmp= efficiency of milk production; LE = daily lactation energy (kJ/kg075); MEC= daily ME 
intake corrected to zero EB; MEm= daily maintenance requirement (420 kj ME /kg0 '76). 
For the statistical analysis of efficiency of milk production one mean value per chamber was used. 
Milk- and Feed Sampling. Milk samples were obtained from sows and from all functional teats of 
sows at day 14 of lactation and at weaning (27 day of lactation) using an injection of oxytocin 
according to the method described by Babinszky et al.(1991). Experimental diets were sampled for 
analysis of nutrient content two times each week. 
Weight and Back f at Thickness of Sows. Sows were weighed individually after farrowing, before and 
at the end of balance period and at weaning. The backfat thickness of sows was measured 
ultrasonically after farrowing and also at weaning. 
Feed, Milk, Feces and Urine Analysis. The nutrient content of diets (dry matter, crude protein, crude 
fat, starch) and the composition of milk (dry matter, protein, fat, and ash) was analysed as reported 
Babinszky et al. (1991, 1992). Lactose content of milk was calculated by subtracting fat, protein and 
ash from dry matter content. 
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In feces samples from sows, dry matter was measured according to ISO 6496 (1983). Nitrogen content 
of feces samples was measured by Kjeldahl method in fresh samples (ISO 5983, 1979). In urine 
samples from sows nitrogen content was measured in fresh samples according to ISO 5983 (1979). 
Gross energy content of feed, feces and urine samples was measured by bomb calorimetry (IKA C 
700 T; IKA-Werk, Staufen, Germany). Energy content of milk was calculated on the basis of fat, 
protein and lactose content in samples according to the formula of Klaver et al. (1981). In 12 samples 
per experiment the energy content was measured both by bomb calorimetry (IKA C 700 T) and 
calculated also according to Klaver et al.(1981). We found a very high correlation between calculated 
and measured values of energy content in milk (R2= 0.98 in exp.l and 0.99 in exp.2). 
Alpha-tocopherol content in feed was analysed by the high performance liquid chromatography 
(HPLC) method (Hoffmann-La Roche Laboratory, Basle, Switzerland) as described by Manz and 
Philipp (1981). 
Experiment HExp.2] 
Animals. A total of 32 first litter PIC hybrid sows were used in four subsequent batches of 8 animals 
each. 
Experimental Design and Diets. In this experiment two basal diets (low and high fat content diets) 
were used. In low fat content diet energy source was mainly cornstarch [Cst]. In high fat content diet 
Cst (200 g/kg) was substituted for animal fat [A]. The animal fat was the same product as described 
in exp.l. Both basal diets contained low levels of vit. E [L] (21 and 24 mg of a-tocopherol /kg feed) 
and these diets were supplemented with DL-a-tocopheryl acetate to high level of vit. E [H] (140 and 
163 mg of a-tocopherol / kg diet, Table l).The main components of basal diets can be seen in Table 
2. The diet with high fat was not diluted with extra crude fibre or otherwise. Therefore in the high-
fat diet 0.868 kg contained the same amounts of nutrients apart from fat and starch content and also 
a similar amount of a-tocopherol as 1 kg of low-fat diet. The animals in batches 1 and 4 received 
diets LCst or LA and in batches 2 and 3 the diets were HCst or HA (Table 2). In each batch four 
animals were fed the same diet. 
Feeding. During pregnancy gilts were fed as described in experiment 1. The experiment started after 
farrowing and lasted until weaning (27 days of lactation). The sows received the experimental diets 
from one day after farrowing till weaning. Daily feed ration of sows in low fat group was calculated 
as in experiment 1. In the high fat group sows received 86.8 % of on this way calculated amount of 
diet to standardize on energy intake. Creep feed was not provided during suckling period. After 
parturition, the litters were standardized to 9 piglets in all batches. 
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Housing of Animals and Experimental Procedures. Housing of animals and experimental procedures 
were the same as in exp.l. Also, the measurement of EB, NB and milk production (on days 16 and 
26 of lactation), estimation of efficiency of milk production were identical. Moreover analyses of 
feed, milk, feces and urine samples were also identical to those in exp.l. 
Statistical Analysis. Data of both experiments were analysed in the following way: 
In each batch of sows the effect of dietary fat level has been tested directly since only one vit. E level 
was used in each batch. This means that a part of the variation between batches is also associated with 
dietary vit. E level. Therefore, we nested the batches within dietary vit. E level. In this way the 
dietary fat level can be tested correctly. We tested the vit. E effect against the batch variation within 
vit. E levels. Since in both experiments, no significant interaction between energy source and vit. E 
level was found the following model was used: 
Yijkl = M + A; + Bj + C(B)k(j) + eijkl 
where: Y y ^ dependent variable; /J= mean; A;= fat level in SOW'S diet (i=l, 2); BJ= vit. E in sow's 
diet (j=l, 2); C(B)k,j)= batch variation within vit. E levels (k(j) =1, 2, 3, 4); eykl= residual error. 
Analysis of variance was done by GLM procedure (SAS, 1990) for all variables in both experiments. 
Results and Discussion 
The results of both experiments are reported per fat level in the lactating sow's diet because no effect 
of vit. E was found. 
Live Weight and Back/at Thickness of Sows. Data on live weight change of sows during lactation are 
given in Table 3. Differences between treatment groups in both experiments with regard to live 
weight of sows post partum, at start and end of balance and at weaning were not significant. 
Cox et al. (1983) reported that sows fed a control diet (no additional fat) or 10% fat supplemented 
diets ad libitum lost weight during lactation on both diets. In the summer experiment no difference 
between control and treatment group were noticed. However, in the winter trial sows fed the fat-
supplemented diet, lost more weight (P < 0.05) than control animals. Schoenherr et al. (1989) 
concluded from their results, that sow weight change during a 22 day lactation period was not 
affected by diets containing starch or fat both in a thermoneutral (20 °C) or a hot (32 °C) 
environment. However, it should be noted that in these trials animals were allowed ad libitum 
consumption. In these investigations the fat-supplemented diets had a somewhat higher ME intake 
than the control diet. 
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 Codes are defined in Table 1. 
b
 Root mean square error. 
In our experiment we avoided this difference by giving fixed energy intake based on litter size. 
Nelssen et al. (1985) found that sows fed a diet with tallow from late gestation until the end of 4 
weeks of lactation lost more weight (P < 0.05) during lactation than those fed a diet with cornstarch. 
They concluded that the short adaptation period (6 days) to the diet with animal fat resulted in poor 
digestion of the animal fat. Consequently a larger weight loss of these sows accrued. Additionally, 
feeding the fat resulted in an increased lipid content in the milk. Restricted intake of energy during 
lactation and this shunting of energetic substances directly to the milk may result in increased weight 
loss of sows. In our study the animals also received the experimental diets for a relatively short period 
(4 weeks of lactation). We also found higher fat content in milk from sows fed high-fat diet in exp.2 
(Chapter 3). In our study in exp.2, however, the digestibility of fat in high-fat group was higher than 
in low-fat group (Chapter 3). This indicates that in our study the weight loss in sows fed high-fat diet 
(exp. 2) is not related to a lowered digestibility of fat. 
The changes in backfat thickness of sows are summarized in Table 4. From this table it can be seen 
that in both experiments the applied levels of dietary fat had no effect on the backfat thickness. 
Nelssen et al. (1985) reported that sows fed tallow tended to lose more backfat than sows in cornstarch 
group, but the difference was not significant. 
Energy Balance of Sows. Data on energy balance are given in Table 5. The daily gross energy (GE) 
and ME intake of sows (kJ/kg075) in exp.l were similar in both treatment groups. The energy in feces 
from animals fed moderate-fat diet was higher (P < 0.05) than from animals in the low-fat group. The 
energy in urine and milk and in HP were not affected by the diets. Therefore similar (negative) 
energy balances were found in both experimental groups. Digestibility (DE/GE) and metabolizability 
(ME/GE) of energy in the moderate-fat treatment were lower (P < 0.05) than in low-fat group. 
Chapter 1: Babinszky et al. 32 


































 Codes are defined in Table 1. 
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 Root mean square error. 
Table S. Effect of dietary fat level on the daily energy balance of sows between 18 and 25 days 
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Codes are defined in Table 1. 
Root mean square error. 
Different superscripts in the same row indicate significant differences among treatment groups 
inexp.l (P <0.05). 
Different superscripts in the same row indicate significant differences among treatment groups 
in exp.2 (P <0.01). 
Different superscripts in the same row indicate significant differences among treatment groups 
in exp.2 (/> < 0.05). 
Heat production of the sows = total heat production minus heat production of piglets. 
For statistical analysis n= 4 per treatment. 
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In exp.2 the GE and ME intake of sows were similar with the starch and fat diets (low and high-fat 
diet). The feces energy output in this experiment was also higher in high-fat group than in low-fat 
group (P < 0.01). The energy in urine was not affected by the diets. The milk energy production was 
higher in sows fed high dietary fat than those fed low-fat diet (P < 0.05). This higher milk energy 
output is a consequence of higher fat (energy) content of milk {P < 0.05) because the daily milk 
production of sows was not affected by the different dietary fat levels (Chapter 3). Sows in low-fat 
group produced more heat, than in high-fat group (P < 0.05). The higher feces and milk energy 
output in high-fat group resulted in more negative EB than in low-fat group (P < 0.05). The DE/GE 
and ME/GE ratios were lower for sows fed high-fat diet than for sows fed low-fat (starch) diet (P 
< 0.05). The results of exp.l show that the EB was not clearly affected by the moderate fat level. 
However, in sows fed the high dietary fat level in exp.2, more negative EB was measured than in sows 
fed the low-fat (starch) diet (P < 0.05). 
Müller and Kirchgessner (1980) reported no clear differences in energy retention in mature non-
pregnant sows between animals fed a diet with no carbohydrates containing only protein and fat and 
animals fed a mixed diet (carbohydrate plus fat). Also, the HP was similar in both dietary groups. 
Kirchgessner and Müller (1984) similarly found that, in non-pregnant, non-lactating mature sows, 
a high-fat diet had no effect on diet-induced thermogenesis compared to a carbohydrate-rich diet. 
The results of our studies with lactation diets, however, showed that there is an effect on heat 
production from the fat-rich diet. Our results show that sows fed a high dietary fat level (exp.2) had 
lower energy digestibility and a higher milk energy output. Therefore, they showed a more negative 
EB than animals fed the starch (low-fat) diet. At moderate-fat level (exp.l) this difference was not 
noted. Both in the studies of Kirchgessner and Müller (1984) and in our study the high dietary fat 
level substantially decreased digestibility of energy compared to a carbohydrate-rich diet. Lellis and 
Speer (1983) studied muciparous sows receiving diets with 27% dextrose or 15% tallow from day 105 
of gestation throughout 21 days of lactation. They measured energy balances from 5 to 10 days of 
lactation. They also found higher fecal energy output (P < 0.005) for sows fed tallow compared to 
dextrose. The milk energy and EB (without HP) were somewhat higher in sows fed tallow, than in 
sows received dextrose (however, not significantly). It should be noted that Lellis and Speer (1983) 
used in their investigation multiparous sows, and that the pregnancy body condition may influence 
the milk production and also EB. 
Nitrogen Balance of Sows. Data on N-balance of sows (NB) are given in Table 6. In exp.l the N 
digestibility in the moderate-fat group (73.9%) was lower (P < 0.05) than in low-fat group (77.0%). 
However, the daily digestible N intake in both groups was similar (low-fat group: 2.58; moderate-fat 
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Table 6. Effect of dietary fat level on the daily nitrogen balance of sows between 18 and 25 days 




N in feces 
N in urine 
N in milk 
N balance 
a
 Codes are defined in Table 1. 
b
 Root mean square error. 
c,d
 Different superscripts in the same row indicate significant differences among treatment groups 
inexp.l (/><0.05). 
e,f
 Different superscripts in the same row indicate significant differences among treatment groups 
in exp.2 (P < 0.05). 
The NB in both groups was about zero and this was not influenced by the dietary fat. In exp.2 the 
digestibility of N was not affected by the dietary fat levels. The digestibility of N in the low-fat 
group was: 82.3% and in the high-fat group was 82.2%. The daily digestible N intake in both 
experimental groups was similar (in low-fat group: 2.50, in high-fat group 2.54 g/kg075). The N 
excretion via urine in the high-fat group in exp.2 was higher (P < 0.05) than in low-fat group. The 
NB in this experiment was also around zero and this was not influenced by the dietary fat levels. 
On the basis of our results we concluded that the NB of primiparous lactating sows during late 
lactation was not affected by the dietary fat level. 
Protein Gain and Fat Gain of Sows. Because the mean metabolic body weight of sows during the 
balance period in both experiments was similar the daily protein and fat gain and the calculated 
growth of sows are expressed as g/sow (Table 7). In experiment 1 in both low and moderate-fat 
groups protein deposition was very small and about 300 g of fat loss per day per sow was calculated. 
The calculated weight loss was similar in both experimental groups. In exp. 2 in low-fat group there 
was a small protein deposition, but in the high-fat group a small protein loss was observed (not 
significant). Sows fed the high dietary fat level in exp.2 lost significantly more fat and weight during 
the balance measurements than sows fed the low-fat diet. 
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Table 7. Effect of dietary fat level on the daily protein and fat gain and weight change of sows 
between 18 and 25 days of lactation (g/sow) 
Item 
n (sows) 











































* Codes are defined in Table 1. 
3
 Root mean square error. 
:,d
 Different superscripts in the same row indicate significant differences among treatment groups 
in exp.2 (P < 0.05). 
'• For statistical analysis n=4 per treatment. 
Efficiency of Milk Production of Sows. In exp.l the efficiency of milk production from ME above 
maintenance was not affected by the diets (Table 8). In exp.2 the efficiency was higher in the high-



















 Codes are defined in Table 1. 
b
 Root mean square error. 
c
 The daily maintenance requirement of sows was fixed at 420 kj ME /kg 0 7 6 for all treatment 
groups. 
d,e
 Different superscripts in the same row indicate significant differences among treatment groups 
in exp.2 (P < 0.05). 
f
 For statistical analysis n=4 per treatment. 
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fat group than in the starch (low-fat) group (P < 0.05). The higher efficiency of milk production for 
sows fed the high dietary fat level may be caused by more efficient production of milk (fat) from 
dietary fat than from dietary starch because conversion of dietary fat to milk fat requires fewer steps 
than carbohydrates to milk fat (van Es and Boekholt, 1987). 
Noblet et al. (1990) reported that the efficiency of milk production from ME in literature ranges from 
68 to 79%, with the mean being 72%. This means that our data for efficiency (70-73%) remained 
within the normal ranges for sows. 
Lellis and Speer (1983) also concluded that efficiency of milk production was higher (P < 0.005) for 
multiparous sows fed tallow than for sows fed dextrose. In their investigation, however, many 
assumptions were adopted for the calculations of efficiency. The results of both studies indicate that 
a high level of fat in the lactation diet may have a beneficial effect on the efficiency of energy in 
milk production. 
In conclusion, it can be stated that feeding a high level of fat in the lactation diet causes sows to 
produce more milk energy (P < 0.05) and the efficiency of milk production from ME is improved (P 
< 0.05). However, if ME intake is not increased these animals may have more weight loss (body fat 
loss) during lactation and they have more negative energy balance. The nitrogen balance was not 
affected by the different levels of dietary fat. The results of present study also indicate that the 
moderate-fat level in the lactation diet did not improve the traits tested compared to the low-fat level. 
Implications 
The present study on different fat levels in the lactating sow's diet shows that there may be a 
reason to use a high dietary fat level in order to increase the milk energy production. 
In practical conditions this increased milk energy production means, that dietary ad libitum intake 
during lactation also plays a major role in sows because it determines how much body stores have to 
be used for milk production. The results also indicate that by feeding a high level of dietary fat the 
efficiency of milk production from feed ME is also improved. This improved efficiency of milk 
production of sows may have however, a favorable effect on the profitability of pig production. The 
dietary vitamin E did not improve the traits tested. 
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Metabolic rate of primiparous lactating sows and suckling piglets 
as affected by dietary fat level and vitamin E 
Abstract 
A total of 63 primiparous lactating sows were used in two experiments to study the effect of different 
fat and vitamin E levels in the diet on heat production of sows [HP]. Heat production associated with 
suckling in piglets was estimated. In experiment 1, the major difference in energy sources in the 
lactation diets were tapioca starch or animal fat. Fifteen sows received the low-fat diet (starch and 
fat content: 396; 43 g/kg DM) and 16 sows were fed a moderate fat-level diet (starch and fat 
content: 286; 75 g/kg DM) during 4 weeks of lactation. In experiment 2, 20% cornstarch was 
substituted by animal fat. For 4 weeks of lactation sixteen sows were fed a low-fat diet (starch and 
fat content: 418; 37 g/kg DM) and 16 were fed a high-fat diet (starch and fat content: 266; 125 g/kg 
DM). Vitamin E contents in experiment 1 were 14 or 126 mg/kg diet, and in experiment 2, 22 or 151 
mg/kg diet. In both experiments, HP (sows plus piglets) was measured indirectly by measurement 
of CO} production and Oj consumption between day 18 and 25 of lactation. It was found that sows 
fed a high level of dietary fat produced less heat (P < 0.05) and their respiratory quotients were 
lower (P < 0.05) than sows fed low dietary fat (carbohydrate-rich diet). The extra energy 
requirement of suckling for piglets above basic level of HP was estimated as 1092 kj/kg° . The 
number of peaks of HP indicated that piglets suckle at about hourly intervals. Traits were not 
affected by the dietary vitamin E levels. 
Key Words: Sow, Piglet, Fat, Vitamin E, Metabolic rate, Lactation. 
Introduction 
Numerous researchers have studied the effects of added dietary fat on lactation performance in 
sows. Reviews were given by Moser and Lewis (1980), Pettigrew (1981) and Drochner (1989). The 
studies from literature show that the addition of fat to the diet during late gestation and/or lactation 
may increase the concentration of fat in colostrum and milk (Pettigrew, 1981; Britt, 1986). In some 
experiments the milk production of sows was increased also (Pettigrew, 1981; Coffey et al., 1982). 
In other trials, however, the addition of fat did not clearly improve litter performance during 
lactation, neither in restricted fed sows (Nelssen et al., 1985) nor in those fed ad libitum (Boyd et al., 
1982). In most studies performance traits of sows, piglets and composition of milk were measured 
during ad libitum feeding. Results showed that the response to fat was variable. Several papers also 
reported the effect of dietary fat on heat production in pigs. Kirchgessner and Muller (1984) reported 
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that in non-pregnant, non-lactating sows, a high-fat diet had no effect on thermogenesis compared 
to a carbohydrate-rich diet. On the other hand, Hillcoat and Annison (1974) found that heat 
production in growing pigs tended to decrease with increasing dietary fat level. In the literature very 
little information is available on the energy metabolism and heat production of lactating sows and 
suckling piglets, when sows were fed different levels of dietary fat. 
Therefore, a study was conducted to evaluate the effect of dietary fat level in the lactation diet on 
the heat production of primiparous lactating sows and their piglets. 
Materials and Methods 
Experiment 1 [Exp.l] 
Animals 
A total of 32 first litter PIC (Pig Improvement Company, England) hybrid sows were assigned to four 
batches of 8 animals each. One animal had to be removed from the experiment at day 14 of lactation. 
Experimental Arrangements and Diets 
In two basal diets the major difference in energy sources were tapioca starch (low-fat diet: St) or 
animal fat (moderate-fat diet: A). The animal fat was slaughtering waste, packing house by-product 
(Nederlandse Thermo-Chemische Fabrieken). Both diets contained a low level of vitamin E [L] (13 
and 16 mg of a-tocopherol per kg feed) and a high level of vitamin E [H] (117 and 135 mg a-
tocopherol per kg feed). The vitamin E was added as DL-a-tocopheryl acetate (Table 1.). Animals 
in two batches (1 and 4) were fed diets LSt and LA in two other batches (2 and 3) diets HSt and HA. 
Four animals in each batch received the same diet. 
Feeding and Housing 
During pregnancy, gilts were fed at a level of 1.2 times maintenance (2.4 kg diet/day; 22 MJ NE/day) 
according to ARC ( 1981 ) recommandations. This feeding level is sufficient for maintenance and about 
50 kg of gain (reproduction plus maternal) during pregnancy. The pregnancy diet contained 15 mg 
of a-tocopherol per kg feed. On day 100 of pregnancy, gilts were moved to the farrowing barn and 
placed in individual farrowing crates until day 13 of lactation. The experiment started after farrowing 
and lasted until weaning 4 weeks of lactation. Sows received the experimental diets from one day after 
farrowing until weaning at 27 days of lactation. During lactation, sows were fed maintenance feed 
(assumed 1% of body weight) and in addition 0.4 kg per piglet for lactation (Babinszky et al., 
unpublished data). The composition of lactation diets is given in Table 2. Creep feed was not provided 
during suckling. Litter size after farrowing was standardized to 10 piglets in batch 1 and to 9 piglets 
in batches 2, 3 and 4. 
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 Average analysed values. 
c
 As a-tocopherol (analysed values). In exp.2 in animal fat group 0.868 kg diet contains a same 
amount of vit. E as 1 kg diet in starch group. 
In each batch, four sows from each diet were placed with their piglets in each of two climatic-
respiration chambers (80 m3 each) between days 14 and 27 of lactation. Energy and nitrogen balance 
were measured. Animals were housed individually in metabolic cages during their stay in the 
chambers (4 sows with their piglets per chamber). 
Energy- and Nitrogen Balance of Sows 
After 4 d of adaptation to the respiration chamber, nitrogen balances per sows and energy balances 
per chamber were determined over a 7 days collection period (between days 18 and 25 of lactation) 
according to Babinszky et al. (1991b). 
Measurement of Heat Production of Sows and Piglets 
During the balance period (7 days), two respiration measurements of 48 h and 72 h respectively were 
made in 9 continuous min intervals. Heat production (sows plus piglets per chamber) was determined 
indirectly by measurement of the C0 2 produced and the the 0 2 consumed (Verstegen et al., 1987). 
The heat production of sows [HP] was derived from the total heat production (sows plus piglets per 
chamber) by subtracting heat production of piglets. Heat production of piglets was computed by 
assuming efficiencies of milk metabolizable energy above maintenance into energy in piglets of 0.95 
according to Jordan (1971). Daily maintenance requirement of piglets was assumed to be 450 kJ 
ME/kg075 according to Verstegen et al. (1985). 
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Both diets in both experiments contained low and high vitamin E level as stated in Table 1. In 
experiment 2 0.868 kg of Diet 2 contains the same amount of ingredients and nutrients apart 
from starch and fat content as 1 kg of Diet 1. 
1 kg basal premix contains in exp.l: DL-alpha-tocopheryl acetate 2000 mg, selenium 27 mg. See 
also Babinszky et al.(1992). 
In exp.2: DL-alpha-tocopheryl acetate 2400 mg, selenium 20 mg. See also Babinszky et al.(1991a). 
Exp.l: Details of other components have been reported by Babinszky et al. (1992). Exp.2: alfalfa 
meal, cane molasses, meat meal tankage, DL-methionine, DL-lysine, monocalcium phosphate, 
salt. 
According to the Rostock net energy system: Centraal Veevoederbureau (CVB.1988). 
Faecal digestibility (CVB, 1988). 
Calculations 
Respiratory Quotient [RQ]. The total RQ (sows plus piglets together) was calculated per chamber on 
the basis of the C02 produced and 0 2 consumed (litre/kg075). The RQ of sows was derived from the 
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total C0 2 produced and 0 2 consumed (sows plus piglets per chamber) by subtracting C0 2 produced 
and Oj consumed by piglets. The C0 2 production and 0 2 consumption of piglets (one value per 
chamber) were computed from heat production of piglets and by assuming a mean RQ for all piglets 
of 0.77 (van der Hel and Verstegen, 1987). This value is similar to 0.79 which was reported by Mount 
(1969) for suckling piglets of 3 days of age. 
Heat Production Due to Suckling. Suckling occurred of litters within chamber was synchronized 
during night more than during day time. Therefore this period (app. from 1900 until 0700 h) was used 
for calculation. No difference in suckling frequency between day (app. from 0700 until 1900 h) and 
night was found . The calculation was made from data on total heat production of sows and piglets 
measured during 5 nights. HP was measured per chamber in 9 min intervals. Suckling occurence was 
checked by monitoring the activity peaks in the chamber. Activity of animals was determined with 
ultrasound waves also in 9 minute intervals according to the method described by Verstegen et al. 
(1987). The calculation was done on the following way: 
We chose 6 two hour periods during a night (from 1900 until 0700 h). The heat production data during 
subsequent 9 min periods within each two hours were somewhat arbitrarily grouped into different 
classes. A clear peak in 9 min heat production (HP during 9 min of more than 100 kj/kg0 7 6 above 
the mean in the 2 h period) and a clear peak in activity (during 9 min of more than double of the 
mean in 2 h period) was considered a "suckling bout" (HPs). 
Moreover, we considered a "resting phase" for animals (basic level of heat production = HPb) to occur, 
if the HP was more than 50 kJ/kg0'75 and the activity was less than 50% of the mean during that 2 
h period. The remaining phases were considered "after suckling" and these were not used for 
calculation, because variation in heat production was then a mixture of activity and post-prandial heat 
production. 
The HP (sows plus piglets) due to suckling was derived as follows: 
HPd= HPs-HPb 
where: HPd= heat production during suckling (sows plus piglets) above the basic level of HP 
(kJ/kg076, expressed per 24 h); HPs= heat production during suckling (sows plus piglets) including 
basic HP, "suckling bout" (kJ/kg075, expressed per 24 h); HPb= basic level of HP (sows plus 
piglets), "resting phase" (kJ/kg075, expressed per 24 h). 
Mean values for HPs, HPb and HPd were calculated per 2-hour-period per chamber during 5 nights. 
Chamber Conditions 
Chamber conditions throughout the experiment were maintained at 18 °C air temperature, and 65% 
relative humidity. The light regimes in the chambers were 12 hrs L (light) - 12 hrs D (dark). Light 
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was on from 0700 until 1900. Heat lamps were used for piglets and placed at about 60 cm above the 
floor in each crate in the farrowing barn and in respiration chambers. 
Suckling frequency 
The suckling frequency was determined per chamber on the basis of HP and activity of sows and 
piglets measured app. from 1900 until 0700 h in two separate nights. During the measuring periods, 
the peaks in HP (sow plus piglets) were thought to be related to suckling. From the number of peak 
values (8 chambers and two measuring nights together) a mean value was calculated per experiment. 
Milk Production of Sows 
Milk production of sows was measured by weighing piglets before and after suckling at days 16, 21 
and 26 of lactation. For the calculation of milk yield, corrections for weight loss of piglets due to 
metabolic rate, evaporation, urination and defecation during suckling were applied (Babinszky et al., 
1992). The total milk production of sows during the balance period was estimated from the mean daily 
milk production of the three measurement days. 
Milk- and Feed Sampling 
Milk samples were obtained from sows and from all functional teats of sows at d 14 of lactation and 
at the end of lactation (27 d of lactation) using an injection of oxytocin, according to the method 
described by Babinszky et al.( 1991 a). Experimental diets were sampled for analysis of nutrient content 
twice each week. 
Weight of Sows and Piglets 
Sows and piglets were weighed individually at the start and end of the balance period (at days 18 and 
25 respectively). 
Feed and Milk Analysis 
The nutrient content of diets (dry matter, crude protein, crude fat, starch) and the composition of 
milk (dry matter, protein, fat, and ash) was analysed as reported by Babinszky et al. (1991a, 1992). 
The lactose content of milk was calculated by subtracting fat, protein and ash from dry matter 
content. Gross energy content of feed was measured by bomb calorimetry (IKA C700T; IKA-Werk, 
Staufen, Germany). The energy content of milk was calculated on the basis of fat, protein and lactose 
content in the milk according to the formula of Klaver et al. (1981) as reported earlier by Babinszky 
et al. (1991b). 
Alpha-tocopherol content in feed was analysed using the HPLC method (F. Hoffmann- La Roche 
Laboratory, Basle, Switzerland) according to Manz and Philipp (1981). 
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Experiment 2 [Exp.2] 
Animals 
A total of 32 first litter PIC hybrid sows were used in four subsequent batches of 8 animals each. 
Experimental Arrangement and Diets 
Two basal diets (low and high fat content diets) were used. In the low-fat content diet, the energy 
source was mainly starch [St]. In the high-fat content diet, 20% cornstarch was substituted for animal 
fat [A]. The animal fat was the same product as described in exp.l. Both basal diets contained low 
levels of vitamin E [L] (21 and 24 mg of a-tocopherol /kg feed) and high level of vit. E [H] (140 and 
163 mg of a-tocopherol / kg diet, Table 1). The supplementation of vit. E was done with DL-a-
tocopheryl acetate. The components of the basal diets can be seen in Table 2. In the high-fat diet, 
0.868 kg of feed contained the same amounts of nutrients apart from fat and starch content, and a 
similar amount of a-tocopherol as 1 kg of the low-fat diet. The animals in batches 1 and 4 received 
diets LSt or LA and in batches 2 and 3 the diets were HSt or HA. In each batch four animals were fed 
the same diet. 
Feeding 
During pregnancy, gilts were fed as described in experiment 1. The experiment started after 
farrowing and lasted until weaning (27 days of lactation). The sows received the experimental diets 
from one day after farrowing onwards. Daily feed ration of sows in the low-fat group was calculated 
as in experiment 1. In the high-fat group sows received the calculated amount of the diet multipled 
by 0.868 in order to standardize on energy intake. Creep feed was not provided. After parturition, 
the litters were standardized to 9 piglets in all batches. 
Housing of Animals and Experimental Procedures 
Housing of animals and experimental procedures were the same as in exp.l. Data recording, 
measurements, calculations of heat production and respiratory quotient and feed and milk sampling 
were also identical to exp.l. Milk production of sows during balance per sow was calculated from d 
16 and 26 of lactation. 
Statistical Analysis 
Data of both experiments were analysed by analysis of variance using GLM procedure (SAS, 1990). 
Since no significant interaction between fat level and vitamin E level was found in either experiment, 
the following model was used: 
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Yijki = "+Ai+Bj+C(B)k(j)+e ijki 
where: Yjjkl= dependent variable; p= mean; A~ fat level in sow's diet (i=l, 2); Bj= vit. E in sow's 
diet (j=l, 2); C(B)km= batch variation within vit. E levels (k(j) =1, 2, 3, 4) and eHkl= residual error. Mi) 
Details concerning statistical analysis have been given by Babinszky et al. (1991b). Since one value 
per chamber was calculated for all parameters, data on traits tested represent the mean of four 
observations per treatment. However, data on heat production due to suckling represents the mean 
of eight observations per experiment per measuring period. 
Results and Discussion 
The results of both experiments are reported per fat level in the lactating sow's diet since no 
significant effects of vitamin E were found. 
Daily Metabolizable Energy (ME) Intake of Sows and Piglets 
The daily ME intake of sows and piglets during the balance period are given in Table 3. The ME 
intake of sows in different treatments in exp.l were similar. In exp. 2 the mean daily ME intake in 
low-fat group was somewhat higher than in the high-fat group (P < 0.05). 
Table 3. Metabolizable energy (ME) intake of sows and piglets during balance period (between 18 
and 25 days of lactation) 
Experiment 1 







Daily ME intake 
Sows, kJ/kg°'7S 














 Treatments and codes are defined in Table 1 
b Root mean square error. 
c
 ME from milk= 0.95 x milk energy (Jordan, 1971). 
d,e
 Different superscripts in the same row indicate significant differences among treatment groups 
in exp.2 (P < 0.05). 
The ME intake of piglets from milk (milk energy x 0.95; according to Jordan, 1971) in exp.l was not 
affected by fat level of the lactation diet. In exp.2 the ME intake in the high-fat group tended to be 
Dietary fat and metabolic rate of sows 49 
higher than in the low-fat group. The difference however, was not significant. This somewhat higher 
ME intake of piglets was correlated to higher fat (energy) content of milk. The daily milk production 
was not affected by the difference in dietary fat levels (Babinszky et al., 1991c). The total metabolic 
weights of piglets during the balance period was 31.4 kg in the low, and 32.4 kg in the high fat group 
respectively (RMSE: 1.4 ; P > 0.38). The elevated level of milk fat with the high dietary fat in the 
sows' diet was according to expectations. Other investigations also showed a similar response as 
reviewed by Moser and Lewis (1980), Pettigrew (1981) and Drochner (1989). Newcomb et al. (1991) 
also reported that after feeding starch or soybean oil or medium-chain triglyceride during late 
gestation (d 100 of pregnancy to parturition) the gross energy content in colostrum was increased with 
the non starch diets. The differences between starch and oil however, were not always significant. 
Weight of Sows and Piglets 
Data on weight of sows and piglets can be seen in Table 4. Differences between treatment groups in 
both experiments with regard to liveweight of sows at the start and end of the balance and also the 
average weight during balance were not significant. It should be noted also that in exp.2 in the high-
fat group, sows tended to loose more weight than in the low-fat group. 
The mean weight of individual piglets in exp.l at start and end of balance was higher in the 
moderate-fat group than in the low-fat group (P < 0.05). The weight of piglets in exp. 2 were similar 
in both treatment groups. The data from literature with regard to effect of dietary fat in sow diet on 
piglets' weight are not consistent. Moser and Lewis (1980), showed in several experiments that dietary 
fat had only minor or no effect on the piglets weight at birth or at weaning. Pettigrew (1981) 
reviewed 16 trials (no creep feed during suckling). Nine trials showed positive effect on piglets' 
weight when fat was added to the sow's diet and 7 showed no or a small negative effect. He concluded 
that the piglet weight at weaning appears to increase if the concentration of dietary fat is at least 8 
%. Coffey et al. (1982) and Nelssen et al. (1985) also found no clear effect on piglets weight when the 
sow's diet was supplemented with fat. 
Respiratory Quotient [RQ] and Heat Production [HP] 
The respiratory quotients and heat production of sows and piglets are given in Table 5. In exp.l both 
total RQ (sows plus piglets) and RQ of sows are lower in the moderate-fat group than in the low-fat 
group (P < 0.05). In exp.2 a similar tendency was observed for total-RQ and sow-RQ. For animals 
fed a high-fat diet a lower RQ was calculated than for those fed a low-fat diet (P < 0.05). The 
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Table 4. Live weight of sows and piglets during balance period (between 18 and 25 days of 
lactation) 
Item 

























































 Treatments and codes are defined in Table 1. 
b
 Root mean square error. 
c,d
 Different superscripts in the same row indicate significant differences among treatment groups 
in exp.l (P<0.05). 
Table 5. Effect of dietary fat level in the lactation diet on respiratory quotient (RQ) and on heat 



















































 Expressed as kj/kg075per 24 h. 
b
 Treatments and codes are defined in Table 1. 
c
 Root mean square error. 
d,e
 Different superscripts in the same row indicate significant differences among treatment groups 
in exp.l (P<0.05). 
f
'« Different superscripts in the same row indicate significant differences among treatment groups 
in exp.2 (P < 0.05). 
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relatively high RQ for sows in both treatments in exp. 1, and in the starch group in exp.2, indicates 
that milk fat is synthetized from carbohydrates (Brouwer, 1958). 
Total HP (sows plus piglets) and HP of both sows and piglets, are given in Table 5. In exp.l no 
treatment effect with regard to total HP and HP of sows or piglets was found. In exp.2 in the high 
fat group, both total HP and HP of sows were clearly lower than in the low-fat group (P < 0.05). The 
higher HP of sows fed the starch diet (low-fat diet) meant a lower efficiency of utilization of 
matabolizable energy from the carbohydrate diet for milk, compared to that of the fat diet. According 
to van Es and Boekholt (1987) the efficiency of ME from glucose for fat deposition (and probably 
also for milk fat) has an efficiency of about 80 %. When ME from fat is used for fat their efficiency 
is about 95 % due to fewer conversion steps. 
Muller and Kirchgessner (1980) did not find clear differences in HP, in mature non-pregnant sows 
fed a diet containing only protein and fat or fed a mixed diet (carbohydrate plus fat). In their trial, 
the respiratory quotient was also significantly lower for a high-fat diet compared to a mixed diet. 
Kirchgessner and Muller (1984) reported that in non-pregnant, non lactating sows, a high-fat diet 
fed around maintenance had no effect on diet-induced thermogenesis compared to a carbohydrate-
rich diet. 
Similarly Prabucki and Schürch (1977) found in rats fed at a low level of intake, that the ratio of 
carbohydrates to fat in isocaloric diets had no effect on heat production. Similarly to Müller and 
Kirchgessner (1980) they reported that the RQ decreased with increasing proportion of fat calories 
in the diet. 
Yang and van Itallie (1976) reported that in obese humans the basal metabolic rates (Kcal/24h) were 
unaffected by the high fat diet compared to carbohydrate-rich diet. 
Hillcoat and Annison (1974) on the other hand, noted that with growing pigs heat production tended 
to decrease with increasing dietary fat level. In our study we found a similar tendency for HP of sows. 
It should be noted however, that we found a much more pronounced fat effect on heat production 
of sows compared to Hillcoat and Annison (1974). In our investigation the daily ME intake (kJ/kg075) 
was higher. In the present study we used lactating animals at controlled ME intake, which have a 
higher fat intake compared to the literature data. 
From the results of the present investigation it may be concluded that lactating sows fed a high level 
of dietary fat produce less heat, than those fed a carbohydrate rich (low-fat level) diet. 
Heat Production Due to Suckling 
No treatment effects on heat production due to suckling was found. Therefore the results are 
presented by experiment (Table 6.). Data in both experiments show only a small variation in extra HP 
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(HPd) during the night (range in exp.l: from 230 to 264, in exp.2: from 214 to 252 kj/kg075 
respectively). The average increase in heat production (HPd) expressed in 24 h, in exp.l was 247 
kJ/kg0 7 5 and in exp.2 237 kJ/kg° 
Table 6. Heat production of sows and piglets due to suckling* between 18 and 25 days of lactation 
(Mean ± s.e.) 
Periods, 
hoursc 
1900 - 2100 
2100 - 2300 
2300 - 0100 
0100 - 0300 
0300 - 0500 





































 Expressed as kj/kg° 7Bper 24 h. 
b
 Codes are defined in text. In both experiments n= 8 per period. 
c
 Duration of each period is two hours. 
d
 In both experiments n= 48 per experiment (6 periods and 8 chambers means together). 
The overall mean value of the increased heat production (sow plus piglets: HPd) of both experiments 
is 242 kJ/kg0 7 6 [(247+237)/2]. We assumed that the combined duration of suckling and activity around 
suckling is about 4.5 min (den Hartog et al., 1984). We assumed furthermore, that the sows have an 
increase in HP equivalent to about 10% of their maintenance requirement (42 kj /kg 0 7^" 1 ) during 
suckling. If the metabolic weight of sow and piglets are 44 kg and 32 kg respectively, the increase in 
HP of piglets alone expressed in a 24 h period, is calculated as 
((242 x 9/4.5) x 76) - (42 x 44))/32 = 1092 kJ/kg075. 
This value indicates that the suckling itself requires about two times more energy than the mean level 
of daily heat production of piglets (600 kJ/kg075, Table 5). 
Suckling frequency 
In the literature different data on suckling intervals are given. The values for suckling frequency 
range between 60 and 70 minutes and were mostly measured with 2 to 3 week old piglets (Mahan et 
al., 1971; Lewis et al., 1978; van der Steen, 1983; Speer and Cox, 1984; den Hartog et al., 1984). 
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Earlier studies have been reported with nearly similar intervals of 55-65 min at the same age of piglet 
(after Lewis et al., 1978: Shepperd, 1929; Niwa et al., 1951; Smith, 1952, Berge and Indrebo, 1953, 
Barber et al., 1955). These literature data were mostly based on counting of suckling in different trials 
and under different conditions. However, it may be concluded that the average suckling interval for 
2 to 3 week old piglets is about 60 minutes. 
In the present study, these observations were obtained by measuring peaks in heat production (sow 
plus piglets) between days 18 and 25 of lactation. The pattern of heat production of sows and piglets 
as measured between 1900 and 0700 h in one chamber is illustrated in Figure 1. This pattern was 
characteristic of both experiments. From this figure it can be seen that the number of HP-peaks 
during 12 h is about 13. The average suckling number during 12 hours in both experiments was 12.5 
(range in Exp.l : 11 — 14 in Exp.2: 10-14). In both experiments a similar number of HP-peaks were 
found between the night and day period. We concluded that piglets suckle at about hourly intervals 
when they are 3 to 4 weeks of age. These data confirm the observations as reported in the literature. 
0700 
Figure 1. Heat production (sows plus piglets) from 1900 until 0700 h in one chamber (expressed 
as kj/kg0'7* per 24 h). Horizontal line in every period indicates the mean heat 
production level during two hours. 
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In conclusion, it can be stated that feeding a lactation diet with a high level of fat causes sows to 
produce less heat (P < 0.05). The respiratory quotient of sows fed a moderate or high fat level are 
lower (P < 0.05) than those fed a low dietary fat (carbohydrate rich diet). Suckling frequency is about 
once per hour and it was not affected by the dietary fat level in the sow's diet. The extra energy 
requirement of suckling for piglets above the basic level of heat production was estimated as 1092 
kJ/kg076 . The dietary vitamin E level had no effect on traits tested. 
Implications 
The present paper on different fat levels in the lactating sow's diet shows that sows being fed a high 
level of dietary fat produce less heat than those fed a carbohydrate rich (low-fat) diet. Low heat 
production in the lactating sow can be beneficial in conditions in which heat production is a burden 
on the animals, especially at high ambient temperatures. Moreover it may beneficial by preventing 
a large decrease in feed intake by the sows in such conditions. The suckling itself requires about two 
times more energy than the mean level of daily heat production of piglets. 
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Effect of dietary fat level in the lactation diet on the performance of 
primiparous sows and their piglets 
Abstract 
A total of 63 primiparous hybrid sows were used in two experiments to study the effect of different 
fat and vitamin E levels in the lactation diet on the performance and milk production of sows and 
on the performance of piglets during suckling. In experiment 1 the major difference in energy 
sources in the lactation diets were tapioca starch or animal fat. 15 sows received the low fat level 
diet (starch and fat content: 396 and 43 g per kg DM) and 16 sows were fed moderate fat level diet 
(starch and fat content: 286 and 75 g per kg DM) during 4 weeks of lactation. In experiment 2, 
cornstarch (200 g/kg) was substituted by animal fat. 16 sows were fed during 4 weeks of lactation 
a low-fat diet (starch and fat content: 418 and 37 g /kg DM) and 16 were fed a high-fat diet (starch 
and fat content: 266 and 125 g/kg DM). Vitamin £ contents of feeds in experiment 1 were 14 and 
126 mg /kg diet, in experiment 2: 22 and 151 mg /kg diet. The live weight, backfat thickness and 
the milk production of sows were not affected by the different dietary fat levels. The high dietary 
fat increased the dry matter, fat and energy content of milk and the daily gain of piglets in the 
second part of lactation (P < 0.05). The correlation between piglets gain and milk fat and milk 
energy intake (r) in exp.l were: 0.57 and 0.66; in exp.2: 0.41 and 0.40. The utilization of whole milk 
and dry matter, fat, protein and energy content of milk for piglet growth was not influenced by the 
dietary fat levels. Varying the level of dietary vitamin E did not affect the traits tested. 
Key Words: sow, piglet, dietary fat, starch, lactation performance. 
Introduction 
Many workers have shown that the addition of fat to the diets of sows during late gestation 
and(or) lactation increases milk production and fat content of colostrum and milk (Pettigrew, 1981). 
Results from some other investigations indicated an improved survival of piglets by feeding fat to 
sows before farrowing (Moser and Lewis, 1980; Pettigrew, 1981 ; Drochner, 1989). Most experimenters 
have used fat levels between 75 and 150 g/kg diet. This range gave the best results for survival (Moser 
and Lewis, 1980). The addition of fat to the sow's diet could be important for primiparous sows 
because they may have less lactation body reserve to produce milk, than multiparous sows. Other 
experiments have shown that the addition of fat to the sow's diet does not improve significantly litter 
performance during lactation when sows are fed at a restricted level (Nelssen et. al., 1985) or ad 
libitum (Boyd et al., 1982). 
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It has been suggested that increasing the polyunsaturated fatty acid (PUFA) content of the diet, 
increases the requirement for vitamin E (Pharazyn et al., 1990). Moreover several investigations 
suggested that vitamin E may increase the sow and litter performance (Adams and Zimmerman, 1982; 
Chavez and Patton, 1986). 
In the literature hardly any systematic examinations have been carried out with regard to 
specified levels and amounts of dietary fat and vitamin E in the sow's diet. 
The objective of the present study was to determine the effect of different levels of fat in 
combination with two vitamin E levels in the lactation diet on the performance and milk production 
of primiparous sows and on the performance of suckling piglets. 
Materials and Methods 
Experiment 1 \exp.l] 
Animals. Thirty-two first litter PIC hybrid (Pig Improvement Company, England) sows were assigned 
to four subsequent batches of 8 animals each. Gilts were all bred at seven mounths of age. One animal 
had to be removed from the experiment at day 14 of lactation. 
Experimental arrangement and diets. In two basal diets the major difference in energy sources were 
tapioca starch (low fat diet: Stl ) or animal fat (moderate fat diet: A1 ). The animal fat was slaughtering 
waste, packing house by-product (Nederlandse Thermo-Chemische Fabrieken, The Netherlands). In 
the animal fat the ratio between unsaturated and saturated fatty acids was 1.3. In the basal diet a low 
level [L] of vitamin E [vit. E]: 13 and 16 mg of a-tocopherol per kg food respectively were included. 
In the high vit. E level diets [H] these were supplemented with DL-a-tocopheryl acetate upto 117 and 
135 mg a-tocopherol per kg food respectively (Table 1.). The experimental scheme was as follows 
(Scheme 1): 
Batch Number of animals (Diet) 
1 3 (LStl) 4 (LAI) 
2 4 (HStl) 4(HA1) 
3 4 (HStl) 4(HA1) 
4 4 (LStl) 4 (LAI) 
Where: L= low level of vitamin E and H= high level of vitamin E (Table 1). 
Feeding and housing. During pregnancy gilts were all fed the same diet at a level of about 1.2 times 
maintenance (2.4 kg food per day per gilt). The components of the pregnancy diet was based on 
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mainly maize, soya bean meal (solv. extr.) tapioca meal and wheat. The diet contained 9.14 MJ NE, 
180 g of crude protein and 15 mg of vit.E per kg food. 
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13 low level (L) 
117 highlevel(H) 
16 low level (L) 
135 high level(H) 
21 low level (L) 
140 high level(H) 
24 low level (L) 
163 high level(H) 
Experiment. 
Average analysed values. 
As a-tocopherol (analysed values). 
The experiment started after farrowing and lasted until weaning at 27 days of lactation. Sows received 
the experimental diets during lactation from one day after farrowing onwards. During lactation each 
sow was fed maintenance food and in addition 0.4 kg feed per piglet (Babinszky, L., Verstegen, 
M.W.A and den Hartog, L.A., unpublished data). The main composition of the lactation diets is given 
in Table 2. Piglets had no access to creep feed during suckling. Litter size after farrowing was 
standardized to 10 piglets in batch 1 and to 9 piglets in batches 2, 3 and 4. On day 110 of gestation 
each gilt was moved to a farrowing barn and placed in a farrowing crate until day 13 of lactation. 
Between 14 and 27 days of lactation (weaning) 4 sows on the same diet with their piglets were 
assigned to a climatic-respiration chamber. Between 18 and 25 days of lactation energy- and nitrogen 
balances of sows were measured. The 4 sows on the other diet were assigned to an identical climatic-
respiration chamber. In the respiration chambers the sows were housed individually with their piglets 
in metabolic cages. Description of the chambers is given elsewhere (Verstegen et al., 1987). Water was 
available ad libitum for both the sows and piglets during the experiment. 
Milk production of sows. Milk production of sows was measured by weighing litters before and after 
suckling at days 6, 11, 16, 21 and 26 of lactation. The milk production of sows per suckling was 
Chapter 3: Babinszky et al. 62 






Soya bean meal, solv.extr. 
Soya bean, heat treated 





















(Exp.l and 2) 
Experiment 1 

























































































a,b Both diets in both experiments contained low and high vitamin E level as stated in Table 1. In 
experiment 2 0.868 kg of Diet A2 contains the same amount of ingredients and nutrients (apart 
from starch and fat content) as 1 kg of Diet St2. 
1 kg basal premix contains in exp.l: DL-alpha-tocopheryl acetate 2000 mg, selenium 27 mg. See 
also Babinszky et al.(1992). 
In exp.2: DL-alpha-tocopheryl acetate 2400 mg, selenium 20 mg. See also Babinszky et al.(1991). 
Exp.l: Details of other components have been reported by Babinszky et al. (1992). Exp.2: alfalfa 
meal, cane molasses, meat meal tankage, DL-methionine, DL-lysine, monocalcium phosphate, 
salt. 
According to the Rostock net energy system: Centraal Veevoederbureau (CVB.1988). 
Faecal digestibility (CVB, 1988). 
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obtained from 5 to 6 subsequent measurements at one hour intervals on one measuring day. 
Multiplying mean milk production per suckling by 24 gave the daily milk production (den Hartog et 
al., 1984). For the calculation of milk yield corrections for weight loss of piglets due to metabolic rate, 
evaporations, urinations and defaecations during suckling were used (Babinszky et al., 1992). 
Milk- and food sampling. Milk samples were obtained at day 14 of lactation and also at weaning (27 
days of lactation). An intravenous injection of oxytocin was used to obtain milk let down according 
to the method described by Babinszky et al.(1991). Experimental diets were sampled for analysis of 
nutrient and a-tocopherol content twice each week. 
Weight and back f at thickness of sows. Sows were weighed individually after farrowing and at 
weaning. The backfat thickness of sows was measured ultrasonically after farrowing and also at 
weaning according to Kroeske et al. (1968). An average of four measurements per animal was used 
as a mean backfat thickness. 
Weight of piglets. The weight of piglets was measured just after birth, at standardization of litter size 
(day 2), at days 18 and 25 of lactation and at weaning. 
Milk and food analysis. The nutrient content of diets (dry matter, crude protein, crude fat, starch) 
and the composition of milk (dry matter, protein, fat and ash) were analysed as reported earlier 
(Babinszky et al. 1991, 1992). Lactose content of milk was calculated by subtracting fat, protein and 
ash from dry matter content. Energy content of milk was calculated from fat, protein and lactose 
content according to Klaver et al. (1981). Energy content of 12 milk samples was also measured by 
bomb calorimetry in both experiments. We found a correlation (R2) of 0.98 (exp.l) and 0.99 (exp.2) 
between calculated and measured values (Babinszky et al., 1992). 
Alpha-tocopherol content in feed was analysed by the high performance liquid chromatography 
(HPLC) method in Hoffmann- La Roche Laboratory (Basle, Switzerland) as described by Manz and 
Philipp (1981). 
Experiment 2 \exp.2] 
Animals. A total of 32 first litter PIC hybrid gilts were used in four batches of 8 animals each. 
Experimental arrangement and diets. Two basal diets with low and high fat content were used. In the 
low fat diet [St2] the energy source was mainly starch. In the high fat diet [A2] cornstarch (200 g per 
kg food) was substituted by animal fat. The animal fat was similar to that described in exp.l. Both 
basal diets contained low level of vit. E [L] (21 and 24 mg a-tocopherol per kg food). These vit. E 
levels were supplemented with DL-a-tocopheryl acetate to give high levels of vit. E [H] (140 and 163 
mg of a-tocopherol per kg food; Table I.). The composition of the basal diets is given in Table 2. The 
high fat diet was not diluted with crude fibre or other material. Therefore in the high fat diet 
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0.868 kg contained the same amounts of nutrients apart from fat and starch content and also a similar 
amount of a-tocopherol as 1 kg of low fat diet. The experimental arrangement was similar to that 
described in exp.l (Scheme 1), but in each batch four animals received the same diet. 
Feeding. During pregnancy gilts were fed as described in exp.l. The experiment started after 
farrowing and lasted until weaning. Sows received the experimental diets from one day after 
farrowing onwards. Piglets were weaned at 27 days of lactation. The daily food ration of sows in the 
low fat group was calculated in the same way as in exp.l, in the high fat group sows received 0.868 
of the calculated amount. In the high fat group sows received a similar total amount of dietary energy 
and nutrients as in the low fat group. Creep food was not provided during suckling. After farrowing, 
the litters were standardized to 9 piglets in all batches. 
Housing of animais and experimental procedures. Housing of animals and the experimantal procedures 
(measurings, data recording, calculations) were the same as in exp.l. Analyses of food and milk 
samples were identical as in exp.l. The milk production of sows was measured at days 6, 11, 16, 21 
and 26 of lactation by a method similar to that described in exp. 1. With some sows the measurement 
of milk production at day 21 failed, therefore the average daily milk yield for the balance period was 
calculated from milk production on days 16 and 26 only. 
Calculations and statistical analysis 
Correlation between milk nutrients output and piglets growth. The relationship between dry matter, 
fat and energy output in sow's milk and daily gain of piglets in both experiments was estimated by 
using GLM procedure from the Statistical Analysis Systems Institute (SAS, 1990). The daily output 
per litter of dry matter or fat (g per day per piglet) or energy (kJ per day per piglet) in sow's milk 
was correlated to the daily gain of piglet (g). The daily gain of piglets (mean value per litter) was 
computed from piglet weight on days 18 and 25. Average daily milk production was calculated from 
the milk yield on days 16, 21 and 26 (in exp.l) or on days 16 and 26 (in exp.2). Average milk 
composition was determined from composition measured on days 14 and 27. 
Statistical analysis. Data of both experiments were analysed in the following way: 
Since only one vit. E level was used in each batch, the effect of energy source has been tested directly. 
This means that part of the variation between batches was related to vit. E level in the sow's diet. 
Therefore the batches were nested within vit. E level, permitting examination of the vit. E effect 
against the batch variation within vit. E levels. In both experiments interaction between energy source 
and vit. E level was not found. The following model was used: 
Yijkl = a + A( + Bi + C(B)k( j ) + e i jk l 
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where: Yj,k, = dependent variable; p = mean; A( = type of energy source in sow's diet (i= 1, 2); Bj = 
vit. E level in sow's diet (j= 1, 2); C(B)kQj = batch variation within vit. E levels (k(j) = 1, 2, 3, 4); 
eijki = residual error. 
Data from both experiments were analysed by analysis of variance using GLM procedure of the SAS-
package (SAS, 1990). 
Results and Discussion 
The results of both experiments are given according to the energy source in lactating sow's diet 
only because no significant effect of dietary vit. E on measured traits was found. 
The daily nutrient intake of sows. The daily mean nutrient intakes of the sows (metabolizable energy, 
digestible protein, digestible fat and starch) between days 18 and 25 of lactation are given in 
Table 3. Data in this table show that in both experiments the metabolizable energy and the digestible 
protein intakes were very similar for both the starch and the fat based diets. However, the digestible 
fat and starch intakes were different between these groups. The contrast in digestible fat intake in 
exp. 2 was, as expected, larger than in exp.l. 
Table 3. Mean daily metabolizable energy (ME), digestible protein, fat and starch intake of sows 
between days 18 and 25 of lactation 
Item 






































 Treatments and codes are defined in Table 1. 
b
 From digestibility values determined by Babinszky, L. and M.W.A. Verstegen (unpublished data). 
c
 Assuming digestibility of starch is 100% in the small intestine. 
Weight and back f at thickness of sows. Data on weight and backfat thickness of sows are presented in 
Table 4. Live weight and backfat thickness of sows at the end of lactation were not significantly 
affected by the different fat levels in the diet. Schoenherr et al. (1989) found that sow weight change 
during a 22-day-lactation period was not affected by diets containing starch or fat both in a 
thermoneutral (20 °C) or in a hot (32 °C) environment. It should be noted that in contrast to our 
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experiment their animals were fed ad libitum and the fat supplemented diets resulted in a somewhat 
higher ME intake than the control diet. Nelssen et al. (1985) reported that sows fed a diet with tallow 
from late gestation throughout 4 weeks of lactation lost more weight (P < 0.05) and tended to lose 
more backfat during lactation than animals fed a diet with cornstarch. They concluded that the short 
adaptation period (6 days) to the diet containing animal fat may have impaired digestion of the fat. 
This lower digestion of animal fat may increase the lactation weight and backfat losses. In our study 
Table 4. Live weight and backfat thickness of sows during lactation 
Item 
n (sows) 
Live weight, kg 
After farrowing 
At weaning 








































 Treatments and codes are defined in Table 1. 
b
 Root mean square error. 
in exp.2, however, the digestibility of fat in the high fat group was higher than in the low fat group 
(St2: 76.9%, A2: 81.8%; Babinszky, L. and Verstegen, M.W.A., unpublished data). This indicates that 
in our study the weight loss in sows fed the high dietary fat level in exp. 2 was not related to a 
lowered digestibility of fat. 
Milk composition. The composition of milk is given in Table 5. In exp.l the dry matter, protein, fat 
and energy (GE) content of milk on days 14 and 27 of lactation were not affected by diets. In exp. 
2 on both days (14 and 27) dry matter, fat and energy content of milk from sows fed high dietary fat 
levels were significantly increased (P < 0.05). 
The elevated level of milk fat with the high dietary fat in the sow's diet was expected since other 
workers had observed a similar response (Moser and Lewis, 1980; Pettigrew, 1981). In the study of 
Boyd et al. (1982) 12 crossbred, third parity sows were fed control or tallow supplemented diets each 
with 770 mg/kg added choline chloride from day 100 of gestation until day 20 of lactation. They 
found that sows receiving added dietary fat (tallow) maintained a higher concentration of milk solids 
(not significant) and fat (P < 0.01) throughout the lactation period than control sows. Milk protein 
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content was not influenced by the treatments. Coffey et al. (1982) also reported that feeding fat to 
sows throughout lactation increased the proportion of total lipids in milk (P < 0.05). 
Nelssen et al. (1985) concluded from their study that feeding animal fat resulted in an increased lipid 
content in the milk. At a restricted energy intake during lactation the extra energy in the milk may 
also result in extra lactation weight losses of the sows. Results of our study in the high fat group 
(exp.2) and the data from various experiments in the literature show that high levels of dietary fat 
can increase the dry matter, fat and energy content in milk. However, this was not seen in exp. 1 
where the difference in dietary fat intake was much smaller between treatments. 
























































































Treatments and codes are defined in Table 1. 
Root mean square error. 
Different superscripts in the same line indicate significant differences among energy groups 
in exp.2 (P < 0.05). 
Milk production of sows. Data on milk production (least square means) can be seen in Table 6. The 
daily milk yield (kg milk per day per piglet) in exp.l and in exp.2 was not influenced by the different 
dietary fat levels. 
In various reported studies milk production of sows was measured on different days. Also 
different techniques were used during lactation when sows were fed diets with added fat. Lellis and 
Speer (1983) found no effects of 150 g supplemental tallow /kg on milk yield compared to a diet with 
270 g supplemented dextrose /kg. However, data from other studies (Pettigrew, 1981; Boyd et al., 
1982; Coffey et al., 1982; Shurson et al., 1986) show that milk yield might be increased with fat 
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supplementation. However, the enhancement of milk production was not always significant. It should 
be noted that in our study sows received the experimental diet for a period of 4 weeks. 













































 Treatments and codes are defined in Table 1. 
b
 Root mean square error. 
Weight of piglets. Live weight and daily gain of piglets were not influenced by an increase in fat level 
in the sow's diet in exp.l (Table 7.). In exp.2 the weight of piglets was similar in both treatment 
groups. However, the daily gain of piglets in the second part of lactation (between 18 and 25 days of 
lactation) was higher (P < 0.05) for piglets from sows fed the high dietary fat level in exp. 2. 
Table 7. Live weight of piglets during suckling 
Item 
n (litters) 
Piglet weight, kg 
at standardization 
at day 18 
at day 25 







































Treatments and codes are defined in Table 1. 
Root mean square error. 
Between days 18 and 25 of lactation. 
Different superscripts in the same line indicate significant differences among energy groups in 
exp.2 (P < 0.05). 
Moser and Lewis (1980) concluded from results of several studies that over-all, dietary fat had only 
a minor or no effect on piglet weight at either birth or weaning. Pettigrew (1981) reviewed 16 
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supplementation trials (no creep food during suckling) in which 9 trials showed positive effect on 
weaning weight of piglets when fat was adding to sow's diet and 7 showed no or a small negative 
effect. It was concluded that the mean piglet weight at weaning appears to increase if the dietary fat 
concentration is at least 80 g/kg. Coffey et al. (1982) and Nelssen et al. (1985), however, found that 
there was no significant difference in average piglet weight during the suckling period if the sow's 
diet was supplemented with fat. 
Data from exp.2 in our study show a similar tendency to that concluded by Pettigrew (1981) i.e. that 
high levels of dietary fat in the lactating sow's diet may increase the daily gain of piglets especially 
in the second part of lactation. 
The utilization of whole milk and milk components. Data in Table 8. show that in exp.l the ratio of 
gain to whole milk and dry matter, fat, protein and energy content of milk was not significantly 
affected by the different levels of dietary fat in the lactation diet. In exp.2 piglets from the high fat 
group showed a lower ratio of gain for whole milk, dry matter and energy but this was not significant. 
Table 8. The utilization of whole milk, milk components and milk energy for piglet growth between 







Fat, g/g gain/d 
Protein, g/g gain/d 





































 Treatments and codes are defined in Table 1. 
b
 Root mean square error. 
The variation in the mean of these values was higher in exp.2 than exp.l, which may explain why the 
utilization of milk components is not significantly different. In the present study the mean efficiency 
of utilization of milk to gain ranged between 3.96 to 4.49 g of milk per g of pig gain (Table 8.). This 
value is similar to that reported by Lewis et al. (1978). They found a mean utilization of milk to piglet 
gain of 4.5 g milk per g gain. Berge and Indrebo (1953; after Lewis et al., 1978) presented their data 
on a week-to-week basis and they found ratios of 4.0, 4.3, 5.0 and 5.3:1 for one to four weeks of 
lactation respectively. 
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The correlation between milk nutrients output and growth of piglets. The correlation coefficients 
between milk components intake and rate of gain are given in Table 9. The results indicate that in 
exp.l the daily dry matter and energy intake of piglets via milk have somewhat higher correlation 
with daily gain of piglets than that of milk fat intake. In exp.2 the relationship between milk nutrient 
intake (dry matter, fat, energy) and daily gain of piglets was slightly less (r= 0.40 to 0.41). Noblet and 
Etienne (1989) found a high correlation between dry matter or energy output via milk and average 
daily gain of piglets (R'= 0.87), however, they used a much greater range of sow feeding levels 
compared to our study (Table 3). 
Lewis et al. (1978) regressed piglet gain on intake and they also reported low correlations between 
daily gain of piglets and percentage of milk solids (R2=0.15). 
Table 9. Correlation between daily gain of piglets* and daily intake of milk components11 (between 
days 18 and 25 of lactation) 
Milk nutrients 
Dry matter Fat Energy 
Correlation coefficients (r) 
Experiment 1 0.69 0.57 0.66 27 
Experiment 2 0.40* 0.41* 0.40* 32 
a
 Daily gain of piglets: g/d/piglet. 
b
 Daily dry matter and fat intake: g/d/piglet; daily milk energy intake: kj/d/piglet. 
n= litters. 
*/><0.05; **/><0.01; ***/>< 0.001. 
When they included yield, solids, and milk nitrogen percentage as independent variables in the 
multiple regression equation an increase in R2 value (0.45) was observed. They also stated that other 
factors that contribute to the variation in pig gain like environmental and genetic factors may be 
involved. 
Conclusion. In conclusion it can be stated, that the live weight, backfat thickness and the milk 
production of sows were not affected by the different fat levels in the lactation diet. The high dietary 
fat content of the lactation diet can increase the dry matter, fat and energy content of milk and the 
daily gain of piglets in the second part of lactation. The utilization of milk and dry matter, fat, 
protein and energy content of milk for piglet growth was not influenced significantly by the dietary 
fat levels. 
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Dietary vitamin E and fat source and lactating performance of 
primiparous sows and their piglets 
Abstract 
Two experiments were performed to study the effect of levels of vitamin £ and sources of dietary fat 
on the reproductive performance and milk production of primiparous sows and on performance of 
suckling piglets. Experiment 1 was set up with two fat sources (sunflower oil and animal fat, 5% in 
the diet) and three levels of vitamin E (13, 48, 136 mg/kg feed). A total of 45 gilts (7-8 animals per 
treatment) received the same dietary treatment throughout pregnancy and 4 weeks of lactation. In 
experiment 2, two levels of vitamin E (14 and 126 mg/kg feed) were used in the diet during 4 weeks 
of lactation (15-16 sows per treatment) and the milk production was measured. It was concluded that 
the levels of vit. E and the types of fat used had no significant effect on the litter size and live 
weight of piglets during suckling. The milk yield was also not affected significantly by the dietary 
vitamin E levels. In the animal fat group, the higher vit. E intake increased the colostral vit. E 
content (P < 0.05). At weaning the increase of vit. E in milk was somewhat clearer in sows fed 
animal fat than sunflower oil. 
Key Words: Pigs , Vitamin E, Fat, Milk production. 
Introduction 
Vitamin E [vit. E] appears to be essential for optimum function of many systems including nervous, 
circulatory, muscular and immune systems (Ullrey, 1981; Nockels 1986). This vitamin functions as 
an intra-cellular antioxidant (Putnam, 1982). Vit. E can affect the immune status of animals 
(Nockels, 1986). 
It has been reported that the immune status of chickens, mice (Tengerdy et al., 1972, 1973) and 
weaning pigs (Peplowski et al.,1981) is improved by higher dietary vit. E intake. Vit. E may also 
influence reproductive performance of sows. This effect is more pronounced in older sows than in 
gilts (Chavez and Patton, 1986). Malm et al.(1976) found no significant effect of high vit. E supply 
on reproductive performance of 7-8 month-old sows fed with sunflower oil or animal fat. Vit. E also 
can increase milk production of sows, especially in second or higher parities (Adams and Zimmerman, 
1982). 
Several factors can influence the vit. E needs of swine, including the concentration of selenium and 
type of dietary fat (Adams and Zimmerman, 1982).Increasing the fat content of the diet, particularly 
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the polyunsaturated fatty acids (PUFA), increases the requirement for a-tocopherol (Pharazyn et al., 
1990). 
Up to now only limited systematic examinations have been carried out with different combinations 
of dietary fat and vit. E in sow nutrition. Therefore in a series of experiments in the Department of 
Animal Nutrition, the effect was studied of type of dietary fat and the level of vit. E in the diet of 
sows on the immune status of the sows (Babinszky et al., 1991a) and on the immune response of their 
piglets (Babinszky et al., 1991b). In the present study, within the frame of this research program, two 
experiments were conducted to determine the effect of different levels of vit. E and fat source in the 
diet on reproductive performance and milk production of primiparous sows and on performance of 
suckling piglets. 
Materials and Methods 
Experiment 1 
Animals. A total of 45 PIC (Pig Improvement Company, England) hybrid first litter, 7-month-old 
gilts was used in two batches. Animals were bred with Dutch Yorkshire boars at the experimental unit 
of the University. 
Experimental design and diets. The experiment was set up with two different fat sources and three 
levels of vit. E in sow diets in a 2 x 3 factorial arrangement (Table 1). 
The fat source was either an unsaturated vegetable fat [V] (sunflower oil: commercial cooking oil) or 
a saturated animal fat [A] (slaughtering waste, packing house by-product; Nederlandse Thermo-
Chemische Fabrieken, Netherlands). These fats were included in the diets at a level of 5 % (Table 2). 
The basal diets contained 13 mg of vit. E (as a-tocopherol) per kg feed (low level= L). These diets 
were supplemented with DL-a-tocopheryl acetate to 48 (medium= M) and 136 (high= H) mg of a-
tocopherol per kg diet (average analysed values, Table 1). The reason for using high vit. E level was 
also to study the effect of vit. E on some blood and immunological traits in lactating sows and their 
piglets (Babinszky et al., 1991a, 1991b). The selenium content of the diets was 0.1 mg per kg feed. 
Feeding and housing. The experiment started 3 weeks after mating and lasted until the piglets were 
4 weeks of age (4 weeks of suckling). In each treatment the sows received the same diet throughout 
pregnancy and lactation. The major components of diets are given in Table 2. During pregnancy, gilts 
were fed 30 MJ ME/d (2.4 kg/d per gilt) from day 21 after insemination onwards in individual 
feeding crates. On day 110 of gestation each gilt was moved to a farrowing crate. During lactation 
sows received feed at a level of 1% of body weight and additionally 0.5 kg per piglet.During suckling 
no creep feed was given. In each treatment group reproduction parameters were measured with 7 or 
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8 gilts. Six gilts were used for milk sampling. Water was administered ad libitum for sows and piglets 
during the experiment. 
Table 1. Experimental arrangements (Exp.l and Exp.2) 
Experiment Treatment Codesa Vitamin E b 
in sow's diet 
(mg/kg feed) 
Fat and energy 
source 































Vitamin E: L (low), M (medium), H (high). 
Fat source: V (vegetable fat), A (animal fat). 
Energy source: St (starch), A (animal fat). 
Analysed values (as a-tocopherol). 
Colostrum-, milk- and feed sampling. Colostrum was collected by hand from all functional nipples 
during farrowing. Milk samples were obtained at weaning using oxytocin injection according to the 
method described by Babinszky et al. (1991a). Experimental diets were sampled for analysis of 
nutrient content and for a-tocopherol twice each week. 
Weight and back f at thickness. Sows and piglets were weighed individually after farrowing and at 
weaning. The backfat thickness of sows was measured ultrasonically after farrowing and also at 
weaning. The measuring was done on four different points on the back, 5 cm from the dorsal mid-
line according to Kroeske et al. (1968). An average of these points was used per animal as mean 
backfat thickness. 
Milk and feed analysis. Alpha-tocopherol content in the feed and milk were analysed by a high 
performance liquid chromatography (HPLC) method (Manz and Philipp, 1981; Vuilleumier et al., 
1983) by Hoffmann - La Roche Ltd. (Basle, Switzerland). In colostrum and milk samples, dry matter 
was determined by freeze-drying milk (ISO 6496, 1983), subsequently ash was determined in the 
freeze dried milk (ISO 5984, 1978). 
Chapter 4: Babinszky et al. 78 
Table 2. Major components of diets for pregnant and lactating sows (Exp.l) 
Composition (g/kg) Diet l a Diet 2b 
Wheat middlings 












Metabolizable energy,' MJ/kg DM 

























 For treatments 1, 2, 3. 
b
 For treatments 4, 5, 6. 
c




 See also Babinszky et al.(1991a). 
e
 Calculated from net energy according to Centraal Veevoederbureau (CVB, 1988) and assuming 
net energy is 70% of metabolizable energy. 
f
 Faecal digestibility (CVB, 1988). 
Nitrogen percentage was determined by Kjeldahl method and 6.38 was used as a factor to determine 
protein content (ISO 5983, 1979). Fat content was determined after acid hydrolysis by ISO-DIS 6492 
(1985). Fat content was determined according to the method of Röse-Gottlieb (Ritter et al., 1967) by 
Hoffmann - La Roche Ltd. to allow expression of the a-tocopherol concentration in /ig/g of fat. 
Lactose content was calculated by subtracting fat, protein and ash from dry matter content. The 
nutrient contents of diets (dry matter, crude protein, crude fat) were analysed as described by 
Babinszky et al.(1991a). 
Experiment 2 
Animals. A total of 32 first litter PIC hybrid gilts was used in four batches of 8 animals each. (One 
animal in batch 1 had to be removed from the experiment). 
Experimental design and diets. In this experiment the different dietary energy sources were tapioca 
starch [St] or animal fat [A] (Table 1). The animal fat was the same product as that described in 
experiment 1. Both basal diets contained low levels of vit. E [L] (13 and 16 mg of a-tocopherol/kg 
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feed) and these diets were supplemented with DL-a-tocopheryl acetate to a high level of vit. E [H] 
(117 and 136 mg a-tocopherol/kg feed, Table 1). The main components of the basal diets are given 
in Table 3. The animals in batch 1 were fed with diets LSt and LA and in batch 2 with diets HSt and 
HA. In batches 3 and 4 the animals received the same diets as in batches 1 and 2. Within each batch, 
four animals were assigned per diet. 
Table 3. Major components of diets for lactating sows (Exp.2) 



















 For treatments 1, 2. 
b
 For treatments 3, 4. 
c
 1 kg basal premix contained: calcium 157 g, sodium 157 g,potassium 21 mg, iron 10 000 mg, copper 
3333 mg, zinc 10 667 mg, manganese 4000 mg, cobalt 33 mg, iodine 67 mg, selenium 27 mg, all-
trans-retinyl acetate 459 mg, cholecalciferol 7 mg, thiamin 67 mg, riboflavin 533 mg, pyridoxine 
67 mg, d-panthotenic acid 1733 mg, nicotinic acid 2000 mg, biotin 7 mg, cyanocobalamin 2 mg, 
vitamin K3 67 mg, DL-alpha-tocopheryl acetate 2000 mg, folic acid 13 mg, choline chloride 60 000 
mg. 
d
 Meat meal tankage, corn gluten feed, coconut expeller, palm kernel expeller, limestone, 
bicalciumphosphate, DL-lysine, DL-methionine. 
e
 Calculated from net energy according to Centraal Veevoederbureau (CVB,1988) and assuming net 
energy is 70% of metabolizable energy. 
f




Soya-bean meal, solv. extr. 
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Feeding. The experiment started after farrowing and lasted until weaning at 4 weeks of lactation. 
During pregnancy, gilts were fed at the level described in experiment 1, with a diet containing 15 mg 
vit. E/kg feed. During lactation, sows received the diet at a level of 1% of body weight plus 0.4 kg 
per piglet. Creep feed was not provided. Litter size after farrowing was standardized to 10 piglets in 
batch 1 and to 9 piglets in batches 2, 3 and 4. 
Measuring of milk production. On days 6, 11, 16, 21 and 26 of lactation milk production was 
determined by weighing the litter before and after suckling. The duration of suckling and the weight 
of litter before and after suckling were measured. Correction for metabolic rate, evaporation, 
urination and defaecation of piglets was made. The procedure in each suckling period was: 
1) resting period after previous suckling: 53 min (not with sow); 
2) weighing of litter (before suckling): approx. 1 min (not with sow); 
3) suckling period (litter with the sow): approx. 5 min (with sow); 
4) weighing of litter (after suckling): approx. 1 min (not with sow). 
Weight of the litter before and after suckling was determined with an electronic balance 
(Mettler/Sauter EC 240 HD) connected to an Epson HX 20 portable computer, which calculated the 
mean of 15 separate measurements. At the same time, the litter was measured five times within a few 
seconds and the average of five values was then used as a measure of two different weights for 
calculation of milk production. Milk production was determined in this way at five-six subsequent 
sucklings on each measuring day. 
The metabolic weight loss of piglets was measured by simulating the activity of the litter during 
suckling by placing piglets in a box and moving this box continuously during 4.5 min without 
allowing them to suckle. The litter was weighed before and after this activity. The weight loss of the 
piglets was calculated on the basis of piglet weight losses during the activity. The metabolic weight 
loss of the piglets was measured once on the measuring day. The calculation resulted in the following 
regression: 
Y = 0.0058X - 0.0022 (R2= 0.26, n=104, RMSE= 0.0074) 
where: Y = total weight loss in g per second due to metabolic rate and evaporation, X = metabolic 
weight of piglet in the litter (kg0 75). 
The effect of urination and defaecation on the change of the litter weight during suckling was 
estimated by regression using GLM procedure from the SAS-package (SAS, 1985). These regression 
equations for weight changes were expanded with corrections for day of suckling as class variables. 
Urination and defaecation occured in less than 4 and 2 % of all observations, respectively. The 
corrected hourly milk production per sow was multiplied by 24 to give daily milk production. 
Dietary vitamin E and fat and lactating performance of sows 81 
Niürient content of diets. Dry matter, crude protein, crude fat and a-tocopherol contents were 
analysed as described in experiment 1. Starch was determined after gelatinization (during 3 h at 
130°C) and hydrolysis with amyloglucosidase and determination of glucose according to the 
Boehringer Mannheim method for starch (1989). 
Statistical analysis 
Data per measuring day were analysed by the following models: 
Experiment 1. 
YyU = /x+Ai+Bj+(AB)ij+Ck+eijkl (1) 
in which : Y;jkl = dependent variable; p = mean; A; =type of fat in sow's diet (i= 1, 2); Bj = vit. E 
level in sow's diet (j= 1, 2, 3); (AB)jj = interaction between fat and vit. E; Ck = batch (k= 1, 2) and 
eijkl = residual error. 
This model for analysis of data weight of piglets was extended by litter size at the end of lactation. 
It has been previously established that birth litter size and weaning litter size had similar effects. 
Interactions, batch and litter size were omitted if not significant. 
Experiment 2. 
Data in experiment 2 were analysed as follows: Since only one vit. E level was used in each batch, the 
effect of energy source was tested directly. This means that part of the variation between batches was 
related to vit. E level in the sow's diet. Therefore the batches are nested within vit. E level, permitting 
examination of the vit. E effect against the batch variation within vit. E levels. No significant 
interactions between energy source and vit. E level were found. The following model was used: 
Yijkl = ^+Ai+Bj+C(B)k(j)+eijkl (2) 
where: Y ^ = dependent variable; n = mean; A; = type of energy source in sow's diet (i= 1, 2); B, = 
vit. E level in sow's diet (j= 1, 2); C(B)k,j\ = batch variation within vit. E levels (k(j) = 1, 2, 3, 4); and 
eijki = residual error. 
Analysis of variance was done by GLM procedure (SAS, 1985) for all values in both experiments. 
When significant effects were obtained, differences between means were compared by the Tukey-test 
(SAS, 1985). 
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Results and Discussion 
Live weight and back/at thickness of sows (Exp.l) 
No significant differences between treatments were found with regard to live weight of sows post 
partum and at weaning (range of treatment groups after farrowing was from 168 to 171 kg, at 
weaning from 141 to 152 kg). The backfat thickness of sows was also not affected by the 
combinations of vit. E and fat (range of treatment groups after farrowing was from 15.3 to 18.3 mm, 
at weaning from 11.3 to 14.5 mm). The daily feed intake of sows during lactation was also similar in 
all treatment groups: mean 4.6 kg/sow, range 4.4 to 4.7 kg/sow. On the basis of these results we 
concluded that the combinations of vit. E and dietary fat source had no significant effect on the live 
weight or on the backfat thickness of sows. 
Milk production of sows (Exp.2) 
Results for milk production in the present study are shown for the different levels of vit. E in the 
sow's diet (Table 4). Data are given as least square means (LSM) per vit. E group. For the calculation 
Table 4. Effect of dietary vitamin E on the daily milk production of primiparous sows (Exp.2) Least 
square means, (kg milk per piglet) 









 L (low level), 14 mg/kg diet; H (high level), 126 mg/kg diet. 
b
 Root mean square error. 
of LSM in the low and high vit. E groups, 8 and 15 sows were used at day 6, 14 and 15 at day 11 and 
15 and 16 sows at days 16, 21, 26 of lactation. From this table it can be seen that the milk yield during 
lactation was not affected significantly by the vit. E level in the sow's diet. However, it should be 
noted that the milk production on the first three measuring days in the high vit. E group was 
somewhat higher than in the low vit. E group. We made a similar observation in a subsequent study 
using the same vit. E levels (Babinszky et al., 1991, unpublished data). Nielsen et al. ( 1979) found that 
a high dietary level of selenium or vit. E did not significantly alter milk production of sows. However, 
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vit. E. Adams and Zimmerman (1982) reported that multiparous sows fed supplemental vit. E had 
increased milk production compared with unsupplemented sows. In the current study, first lactation 
sows were used. This may be the reason why no clear vit. E effect was found. 
Composition of colostrum and milk (Exp.l) 
The major components of colostrum and milk are given in Table 5. No significant differences were 
found in colostrum composition for the dietary vit. E and in fat (average ash and lactose content in 
colostrum were 7 and 33 g/kg, respectively). At the end of lactation, dry matter content in milk was 
highest in the medium vit. E group (P < 0.05). In the vegetable fat group the dry matter content was 
also higher (P < 0.05) than in the animal fat group. Protein content was not affected by vit. E level 
or by fat source in the sow's diet. Fat content in the medium vit. E group was the highest (P < 0.05). 


































































Codes are defined in Table 1. 
Root mean square error. 
During farrowing. 
d
 At weaning. 
e,f
 Different superscripts in the same row indicate significant differences among vit. E groups at 
P < 0.05. 
x,yDifferent superscripts in the same row indicate significant differences among fat groups at 
P < 0.05. 
These results may indicate that medium vit. E in sow's diet may be more beneficial to the fat content 
in the milk than a high level. Whether milk fat content is affected by the dietary vit. E must be 
elucidated in further experiments. The sunflower oil group showed higher fat content than the animal 
fat group (P < 0.05) (average ash and lactose content in milk were 8,5 and 51 g/kg, respectively). 
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Loudenslager et al. (1986) did not find the effects of vit. E and selenium on fat content in colostrum 
and milk in second parity sows. Pettigrew (1981) reported data which suggested higher fat content 
in milk from sows fed corn oil compared to animal fat. Seerley et al. (1981) noted that the total lipid 
content in colostrum and milk was not affected by dietary corn oil or animal fat. 
Alpha-tocopherol content in colostrum and milk (Exp.l) 
Results for a-tocopherol (vit. E) content in colostrum and milk are summarized in Table 6. Values 
show that vit. E in sunflower oil groups had no significant effect on vit. E level in colostrum fat 
content. However, the vit. E content in the high vit. E group with animal fat differed (P < 0.05) from 
all other groups. In the animal fat group there was an interaction between fat and dietary vit. E 
because in the low vit. E group the vit. E level was low. However, it should be noted that serum vit. 
E in this group was also the lowest (P < 0.05) (Babinszky et al., 1991a). This may indicate that the 
animals in the LA group reserved more vit. E in their body. At weaning, in both sunflower oil and 
animal fat groups, the highest value was found in high vit. E groups. However, the difference 
between the low and high vit. E groups was significant only when animal fat was included in the diet. 






























 Root mean square error. 
b
 Codes are defined in Table 1. 
x , y
' ' Different superscripts in the same row indicate significant differences among treatments at 
P < 0.05. 
Data on the vit. E concentration in the present study show that a high level of dietary vit. E in the 
gestation diet had a greater effect on concentration of colostral vit. E with animal fat than with 
sunflower oil. At weaning there was no difference between the HV and HA groups. Cline et al. 
(1974), Young et al. (1977) and Loudenslager et al. (1986) also found that the vit. E content of sow 
colostrum and milk was increased with extra vit. E in the diet. We also found an increase in 
concentrations of vit. E in colostrum and milk when sows were fed a high vit. E level. This increase 
was clearer in the animal fat group than in the sunflower oil group. Malm et al. (1976) also found that 
animal fat from lard tended to promote a higher concentration of vit. E in milk fat than did corn oil, 
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but the difference was not significant. Chavez and Patton (1986), however, reported that the vit. E 
content in colostrum was not affected by the injection of vit. E and selenium during pregnancy. 
Mean litter size and live weight of piglets during suckling (Exp.I) 
As can be seen from Table 7, the number of piglets at birth and at weaning (4 weeks of age) was not 
affected by any of the six treatments applied. Nielsen et al. (1979) reported that a higher level of 
selenium and vit. E in the sow's diet had no significant effect on litter size (vit. E in basal and exp. 
diet 15and45IU/kg). 






Total piglets born 
Piglets born alive 
Number of piglets 
at weaningc 























































 Root mean square error. 
b
 Codes are defined in Table 1. 
c
 4 weeks of age. 
Malm et al. (1976) showed that litter size at birth was not significantly influenced by the level of vit. 
E with corn oil or animal fat. However, in other studies it was observed that injection of vit. E and 
selenium (Chavez and Patton, 1986) or supplementation of the sow's diet with vit. E (Adams and 
Zimmerman, 1982) may increase the litter size. This positive effect was more pronounced in 
multiparous sows than in gilts. In the present investigation we used gilts, which may explain why no 
treatment effect was found. 
Live weights of piglets at birth and at weaning are given also in Table 7. There were no significant 
differences between treatment groups at birth and at weaning. Malm et al. (1976) found no treatment 
effect on pig birth weight and weaning weight when sows received low or high levels of vit. E with 
corn oil or animal fat. Nielsen et al. (1979) similarly reported no significant effect of higher level of 
selenium and vit. E in the sow's diet on weight of piglets at birth and at 8 weeks of age. But low 
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dietary levels of selenium and vit. E were followed by increased mortality in piglets. On the other 
hand, Chavez and Patton (1986) found greater total litter weight at birth and at weaning after vit. E 
and selenium injections, although the response to the treatment was greater in older sows than in 
young ones. 
Conclusion 
The present study indicates that vit. E level and type of dietary fat (sunflower oil or animal fat) in 
the diet of primiparous sows had no significant effect on their reproductive performance (litter size, 
piglets' birth weight, weaning weight). The milk production of sows was not affected by the applied 
level of vit. E. The results suggest that an increase of vit. E in the pregnancy diet combined with 
animal fat may increase the colostral vit. E. At weaning the increase of vit. E content in milk was 
more pronounced in the animal fat group than in the sunflower oil group. 
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Effect of o-tocopherol and dietary fat source on some blood and 
immunological variables in lactating sows 
Abstract 
Thirty-six 7-month-old gilts were used to study the effects of different levels of a-tocopherol (13, 
48, 136 mg/kg food) and different source of fat (SO g/kg sunflower oil or animal fat) in gestation 
and lactation diets on a-tocopherol concentration in serum, colostrum and milk and on cell-mediated 
and humoral immune response of lactating sows. 
Blood samples were taken from six sows per treatment after farrowing and at weaning (28 days of 
lactation) and were analysed for a-tocopherol concentration, total number of leucocytes and T- and 
B-lymphocyte counts. In blood lymphocyte stimulation with concanavaline, lysozyme activity and 
immunoglobulin concentration were also measured. In milk samples a-tocopherol and 
immunoglobulin concentration were determined at farrowing and at weaning. It was concluded that 
a high a-tocopherol level in the sow's diet including either sunflower oil or animal fat increased as 
expected the serum a-tocopherol concentration (P < 0.05) just after farrowing and at weaning. In 
colostrum the combination of high a-tocopherol with animal fat gave the highest (P < 0.05) a-
tocopherol concentration. At weaning a-tocopherol in milk fat was highest in both fat groups with 
extra high a-tocopherol in the diet. The cell- mediated immunity of sows as tested were not 
systematically affected by a-tocopherol supplementation or fat addition to diet. However, the 
humoral immune system may be affected by the combinations of a-tocopherol and fat given. 
Key Words: dietary fat, immune response, lactation, sows, a-tocopherol. 
Introduction 
From various investigations it has been reported that a-tocopherol plays an important role in 
improving the reproductive performance of sows (Adams and Zimmerman, 1982; Chavez and Patton, 
1986). It appears to function as an intra-cellular anti-oxidant (Putnam, 1982). It can inhibit the 
aggregation of blood platelets and stimulate the immune response in animals (Tengerdy et al., 1972; 
Ullrey, 1981). 
Pre-treatment of animals with a-tocopherol either in the diet or by injection has been shown to 
enhance the immune response so that resistance to an infectious disease is improved (Nockels, 1983). 
The supplementation of diets with a-tocopherol has also been shown to result in increased 
phagocytosis, antibody production and cell- mediated immunity (Nockels, 1986). 
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Many factors can influence the a-tocopherol needs of pigs, including the concentration of selenium 
in diets and also stress factors (Adams and Zimmerman, 1982). It has also been stated in many reports 
that increasing the fat content of the diet, particularly the polyunsaturated fatty acid (PUFA) content, 
increases the requirement for a-tocopherol (Pharazyn et al., 1990). Therefore, for growing pigs the 
Agricultural Research Council (1981) suggested that dietary a-tocopherol level should be increased 
by 0.25 mg D-a-tocopherol per g PUFA in the diet. Malm et al. (1976) reported that serum a-
tocopherol concentration of sows during gestation and just before farrowing was reduced with low 
dietary a-tocopherol and was increased with lard plus a-tocopherol compared with maize oil plus a-
tocopherol. Hayek et al. (1989) found that a single pre-partum injection of selenium and/or a-
tocopherol on day 100 of gestation increased IgG concentrations in serum from pigs at day 14 of 
lactation. Results of their experiments indicated that pre-partum injection of sows with a-tocopherol 
and selenium influences immunoglobulin transfer to their piglets. 
The purpose of the work reported here was to study the effects of different levels of a-tocopherol 
and different types of dietary fat (unsaturated and saturated) in gestation and lactation diets on a-
tocopherol and immunoglobulin concentration in colostrum, milk and blood serum and on cell-
mediated and humoral immune response of lactating sows. 
Materials and Methods 
Animals 
A total of 36 PIC (Pig Improvement Company, England) hybrid first litter, 7-month-old gilts were 
used in two batches. 
Experimental design and diets 
In each batch two different fat sources and three levels of a-tocopherol were used in the diet in a 2 
x 3 factorial design (Table 1). 
The fat source was either an unsaturated vegetable fat [V] (sunflower oil: commercial cooking oil) or 
a saturated animal fat [A] (slaughtering waste, packing house by-product; NTF, The Netherlands). 
These fat sources were included in the diet at a level of 50 g/kg (Table 2). 
The basal diets contained 13 mg vitamin E as a-tocopherol per kg food (low level=L) and these diets 
were supplemented by DL-a-tocopheryl acetate to 48 (medium level=M) and 136 (high level=H) mg 
a-tocopherol per kg food (average analysed values). The selenium content of the diets was 0.1 mg / 
kg food. 
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Table 1. Experimental design 





















aVitamin E level: L (low); M (medium); H (high). Dietary fat: V (vegetable fat); A (animal fat). 
bAnalysed values (as a-tocopherol). 
Feeding and housing 
For the pregnant and lactating sows the same diets were used. During pregnancy the sows were given 
30 MJ metabolizable energy per day (2.4 kg food per day per sow). During lactation sows received 
daily food at a level of 0.01 of body weight and additionally 0.5 kg per piglet. The experiment started 
at mating and lasted until weaning at 28 days of lactation. Animals received the experimental diet 
from day 21 after insemination onwards. Six gilts were used per treatment. During pregnancy animals 
were housed in groups with wood shavings as bedding material. They were given food twice daily in 
individual feeding crates. On day 110 of gestation each gilt was moved to a farrowing crate. Crates 
were provided with shavings as bedding material. Water was available ad libitum during pregnancy 
and lactation. 
Blood, milk and food sampling 
Blood samples from gilts were collected from the anterior vena cava at 2 to 3 days post partum and 
at weaning (on day 28 of lactation). Colostrum was collected by hand from all functional teats during 
the farrowing process. Milk samples were taken at weaning after an intravenous injection of 2 ml 
oxytocin (10 i.u. per ml) diluted with sterile sodium chloride solution (9 g/1000 ml) 1:1. Diets were 
sampled twice weekly during the experiment. 
Blood, milk and food analysis 
Alpha-tocopherol. a-tocopherol content in the food, serum and milk was analysed in the Hoffmann -
La Roche laboratory (Basle, Switzerland) using a high performance liquid chromatography (HPLC) 
method. The content of a-tocopherol in food was analysed by the method of Manz and Philipp (1981) 
and serum, colostrum and milk according to the method described by Vuilleumier et al. (1983). 
Chapter 5: Babinszky et al. 94 
Table 2. Composition and nutrient content of diets 



















 For treatments 1, 2, 3. 
b
 For treatments 4, 5, 6. 
c
 Basal pre-mix contains (per kg): calcium 284 g, copper 2000 mg, manganese 4800 mg, zinc 8000 mg, 
iron 16000 mg, cobalt 50 mg,iodine 80 mg, selenium 20 mg, all-trans-retinyl acetate 482 mg, 
cholecalciferol 7 mg, riboflavin 800 mg, niacin 3600 mg, D-panthotenic acid 1400 mg, choline 
50000 mg, cyanocobalamin 3 mg, DL-alpha-tocopheryl acetate 2400 mg, biotin 20 mg. 
d
 Calculated from net energy according to Centraal Veevoederbureau (CVB,1988) and assuming net 
energy is 0.7 of metabolizable energy. 
Cell isolation. Peripheral blood lymphocytes were isolated using density centrifugation as described 
by Miller (1986). 
Lymphocyte stimulation test (LST). The mitogen responsiveness of lymphocytes to concanavaline A 
(ConA) was determined with LST using the method of Joling et al. (1983). Proliferation of 
lymphocytes was measured using 3H-thymidine incorporation and the results were expressed as counts 
per minute (c.p.m.). 
Lysozyme activity. This was measured in blood as described by Lie (1980). 
Quantification of B- and T-lymphocytes. Partition of blood lymphocytes into B-lymphocytes and T-
lymphocytes was determined with a fluorescence staining technique. Analysis of B-lymphocytes was 
Wheat middlings 
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performed using rabbit anti-swine Ig (RASwIg) conjugated with fluorescence isothiocyanate (FITC). 
T-lymphocytes were recognized by their CD2 surface molecule using monoclonal antibody MSA4 
(Hammerberg and Schurig, 1986). Cells were incubated with an optimal dilution of antibody i.e. 106 
cells in a volume of 40 /il of colour medium existing of RPMI-1640 medium supplemented with 20 
ml/ 1 foetal calf serum (FCS) and 1 g/1 of natriumazide. After 30 min at 0°C the cells were washed 
in the same medium. Cells stained with CD2 were cultured with second step antibody consisting of 
FITC-conjugated goat anti-mouse Ig antibody (F-GAM) under the same conditions as the first 
incubation step. Subsequently, the cells were washed and analysis was carried out with the 
fluorescence-actived cell sorter (FACStar, Becton and Dickinson, USA) equipped with a 5-W argon-
ion UV/vision laser. Forward light scatter windows were set to exclude erythrocytes and dead cells 
and analysis of the cell distribution was performed by computer program (Consort-30, Becton and 
Dickinson, USA). 
Single radial immunodiffusion (SRID). Concentrations of IgG, IgA and IgM were assayed in serum 
as well as in colostrum and milk. The technique was used as described by Mancini et al. (1965). In 
short: agarose gels (10 g/1) in barbitane buffer (pH 8.2) were mixed with anti-isotype sera (56 °C): 
goat anti-swine IgG (GASwIgG), GASwIgM and GASwIgA (Kirkegaard and Perry Laboratories Inc. 
USA). Samples were diluted in 9 g/1 NaCl and injected in punched holes in the gel. Positive reactions 
correlated with precipitation, which reflects with the concentration of the isotypes. The relative values 
were calculated by the formula: 
_ 2 / 2 
* sample' standard 
where: rv= relative value; r = radial of precipitation ring (mm). 
Food analysis. Analysis of dry matter, nitrogen and crude fat were performed according to 
International Standards Organization: ISO 6496 (1983),ISO 5983 (1979) and ISO 6492 (1985), 
respectively. Crude fibre was analysed by Dutch standard (Nederlands Normalisatie-Instituut: NEN 
5417, 1988). 
Statistical analysis 
Data per sampling day were analysed by the following model: 
Yijkl= AJ+Ai+Bj+(AB)ij+Clt+eijkl 
in which: Yjjkl = dependent variable; n = mean; A; = type of dietary fat (i= 1, 2); Bj = a-tocopherol 
level in sow's diet (j= 1, 2, 3); (AB)- = interaction between fat and a-tocopherol; Ck = batch (k= 1, 
2); ej:kl = residual error. 
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Analysis of variance were used by GLM procedure from the Statistical Analysis Systems Institute 
(SAS, 1985). When interaction and batch were not significant, the model was recalculated then without 
these variables. Data were tested at a 0.05 probability level. When a positive F test was obtained, 
differences among the means were examined by the Tukey-test (using SAS-GLM, SAS, 1985). 
Results and Discussion 
Alpha-tocopherol concentration in serum, colostrum and milk 
Results for serum- colostrum- and milk a-tocopherol content are summarized in Table 3. 






























































 Treatments and codes are defined in Table 1. 
b
 Root mean square error. 
c,d,e
 Different superscripts in the same row indicate significant differences among treatments 
(P < 0.05). 
Results show that the a-tocopherol content in serum of the sows just after farrowing in both fat 
groups was increased by dietary a-tocopherol intake but at the low dietary level of a-tocopherol (L) 
the content was significantly higher for the sunflower oil-based diet than for the animal fat-based 
diet (P < 0.05). At weaning a similar trend was observed. The sows given a high level (H) of a-
tocopherol during gestation and lactation had the highest serum a-tocopherol concentration during 
the suckling period on both fat diets (P < 0.05). This was an a-tocopherol and fat effect, because the 
daily food intake during lactation in all treatment groups was similar (mean: 4.6 kg per sow; range: 
4.4 to 4.7 kg per sow). 
Loudenslager et al. ( 1986) reported that sows given a-tocopherol and selenium- supplemented diets 
had significantly increased plasma levels of both a-tocopherol and selenium in late gestation and also 
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during lactation. Malm et al.(1976) also found that serum a-tocopherol concentration of sows post 
partum and at 3 weeks of lactation was significantly reduced with low dietary a-tocopherol . This 
level was slightly increased in diets containing lard plus a-tocopherol than with maize oil plus a-
tocopherol. Results of their investigation thus suggest a trend for a sustained difference in favour of 
the lard plus a-tocopherol, which contradicts the results of our study. However, it should be noted 
that Malm et al. (1976) gave food to their sows ad libitum during lactation. In the present study, the 
serum a-tocopherol between gilts given animal fat containing high a-tocopherol, compared with 
sunflower oil plus high dietary a-tocopherol did not differ significantly (P> 0.05). 
Results for a-tocopherol content of colostrum and milk are also presented in Table 3. The a-
tocopherol in colostrum (mg/kg) was increased as dietary levels of a-tocopherol during pregnancy 
were increased. The increase in the sunflower oil groups was less than in the animal fat groups. It can 
be seen also that there was a pronounced decrease in a-tocopherol concentration in milk during 
lactation (4 weeks) as evidenced by the data obtained at weaning. However, in milk, increasing 
concentrations of dietary a-tocopherol did increase with concentrations of a-tocopherol particularly 
in those sows given the animal fat diets. 
In colostrum fat the a-tocopherol level (/ig / g milk fat) in the high a-tocopherol group with 
animal fat differed from all other groups (P <0.05). At the end of lactation in both the sunflower oil 
and animal fat groups a tendency for an increase in the a-tocopherol content was observed from the 
higher dietary a-tocopherol content. The data demonstrate that a high level of dietary a-tocopherol 
with animal fat during gestation had a greater effect on concentrations of colostral a-tocopherol than 
with sunflower oil. At the end of lactation this clear difference between HV and HA group was not 
observed. In several studies, it has been shown that the a-tocopherol content of sow's milk was 
increased with extra dietary a-tocopherol (Cline et al., 1974; Young et al., 1977) and that the 
supplementation of the sow's diet with a-tocopherol and selenium could maintain high tocopherol and 
selenium levels in colostrum and milk during lactation (Loudenslager et al., 1986). These trends were 
also observed in our study, especially in the animal fat group. Chavez and Patton (1986), however, 
reported that the a-tocopherol content in colostrum was not affected after injection of a-tocopherol 
and selenium. In the current study a pronounced decrease in a-tocopherol concentration during 
lactation was found in all treatment groups. Similar trends were obtained by Malm et al. (1976).They 
also found that the concentration of a-tocopherol in colostrum and milk fat was six to 35 times higher 
in sows given supplemental dietary a-tocopherol than without. Animal fat from lard tended to 
promote a higher concentration of a-tocopherol than maize oil but the difference was not significant. 
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Immunological variables 
Leucocyte values and T-lymphocytes. Data are given in Table 4. No significant differences were 
found for leucocyte counts between a-tocopherol or fat groups after farrowing and at weaning. All 
means for total leucocyte numbers remained within the normal ranges (Calhoun and Brown, 1975). 










































 Treatments and codes are defined in Table 1. 
b
 Root mean sqaure error. 
It therefore appears that neither dietary a-tocopherol intake nor fat source affect leucocyte 
numbers. Niyo et al. (1980) also found a similar effect on leucocyte count between tocopherol-
deficient and tocopherol-supplemented (injected intramuscularly) piglets during the suckling and 
rearing periods. Nafstad (1965), however, noted higher leucocyte counts in deficient pigs than in 
supplemented animals. 
No differences were found between a-tocopherol or fat groups post partum or at weaning in the 
percentages of T-lymphocytes. During lactation a small increase was observed in all treatment groups. 
The present data suggest that the percentage of T-cells in sow blood was not affected by dietary a-
tocopherol or by the fat source. 
In the current investigation data on LST-test indicated that in lactating sows neither the percentage 
of T-cells nor the stimulation of T-Iymphocytes was influenced by dietary a-tocopherol 
supplementation or by dietary fat type (range of incorporation of 3H-thymidine in treatment groups: 
after farrowing: 25 000 to 57 000 c.p.m.; at weaning: 31 000 to 56 000 c.p.m.). These results may 
indicate that for the conditions applied no deficiency could be observed to the mitogen 
responsiveness. 
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Concentration of lysozyme in blood. Differences among all treatments after farrowing and at weaning 
were not significant (data not shown). On the basis of these results it appears that the phagocyte 
capacity of leucocytes in lactating sows was not affected by different levels of dietary a-tocopherol 
or by different types of dietary fat. 
Percentage of B-lymphocytes. It can be seen from Figure 1 a that after farrowing the percentage of 
B-lymphocytes was not affected by different a-tocopherol levels (P > 0.05). The sunflower oil group 
showed a higher value for B-lymphocytes than the animal fat group (P < 0.05). At the end of lactation 
(Figure 1 b) some increase in B-lymphocytes was found with increasing a-tocopherol intake (P > 0.05). 
In the vegetable fat group the value was still higher (P < 0.05) than in the animal fat group. The 
present data on B-lymphocytes may indicate that the humoral immune status of sows was slightly 
affected by dietary a-tocopherol only at weaning. During lactation the vegetable fat had a greater 
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Figure 1. Mean percentage (with s.e.) of B-lymphocytes in blood from sows by different levels of 
dietary a-tocopherol (L, M, H) and fat source (V, A) (a) post partum and (b) at 
weaning. Treatments and codes are same as stated in Table 1. 
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Serum immunoglobulin concentrations. Data on serum IgG levels as treatment means are presented in 
Figure 2. After farrowing (Figure 2a) neither an a-tocopherol nor a fat effect was observed (P > 
0.05). At the end of lactation (Figure 2b) a pronounced decrease of IgG concentration was found from 
increased dietary a-tocopherol intake. The IgG concentration in group H was lower (P < 0.05) than 
in group L. Fat source had no effect on serum IgG concentration. 
(a) 
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Figure 2. Mean IgG concentration (with s.e.) in serum from sows by different levels of dietary a-
tocopherol (L, M, H) and fat source (V, A) (a) post partum and (b) at weaning. 
Treatments and codes are same as stated in Table 1. 
Nockels (1986) and Pharazyn et al. (1990) reported increased antibody production in animals after 
supplementation with a-tocopherol. Our data suggest that there exists a discrepancy between specific 
antibody production and the total immune globulin titres with regard to a-tocopherol 
supplementation. Hayek et al. (1989) found that in sows the serum IgG concentration decreased 
sharply around farrowing in all groups (treatments plus control) and increased during the first 2 weeks 
of lactation. At week 4 of lactation serum IgG concentration was somewhat lower in the a-tocopherol 
treated group than in the control. They suggested that the sows already had well-developed 
immunoglobulin levels and their blood concentrations were not consistently affected by treatments. 
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The relative IgM values showed that the IgM content was not affected by dietary a-tocopherol or fat 
source (data not shown). The concentration of IgA in serum (and also IgA and IgM in colostrum and 
milk) were below the detection level of the SRID technique. 
It appears that at the end of lactation in the current study the higher percentage of B-lymphocytes 
was related to decreased levels of serum IgG as shown in Figures lb and 2b. When B-lymphocyte 
activation is followed by transformation to the antibody producing plasma cells this latter cell type 
may provide a better expression of serum Ig. Another explanation for the observed discrepancy could 
be a regulatory effect of a-tocopherol on the direction of the immune response. Increased cellular 
reactivity after a high a-tocopherol supplementation has been reported by Nockels (1986) which could 
explain decreased levels of the total antibody production. Further experiments must elucidate such 
an effect of a-tocopherol on the humoral immune system. 
Immunoglobulin concentration in colostrum and milk. The relative values of IgG in colostrum and milk 
(before weaning) are shown in Table 5. IgG in colostrum was somewhat higher with the HA group 



























 Single radial immunodiffusion. 
b
 Treatments and codes are defined in Table 1. 
c
 Root mean square error. 
d,e
 Different superscripts in the same row indicate significant differences among treatments 
(P < 0.05). 
(P > 0.05). At the end of lactation the lowest values of IgG in milk were found in sows with the 
highest dietary a-tocopherol level (P < 0.05), a response similar to that recorded for serum IgG 
concentrations. The fat source had no influence on IgG content in milk. 
Hayek et al.(1989) found that colostral IgG and IgA concentration were not affected by injection with 
a-tocopherol and/or selenium but that injections of selenium resulted in higher colostral IgM levels. 
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Conclusions. A high a-tocopherol level in a sow's gestation diet, including either sunflower oil or 
animal fat increased the serum a-tocopherol concentration after farrowing. At a low a-tocopherol 
level significantly higher concentrations were found for the sunflower oil than for the animal fat (P 
< 0.05). The high a-tocopherol intake during lactation in both fat groups resulted in higher serum a-
tocopherol concentration (P < 0.05). In the animal fat groups with an increase of a-tocopherol in the 
diet, the colostral a-tocopherol was also increased (P < 0.05). At weaning this trend was clearer in the 
animal fat group than in the sunflower oil group. In animals given low a-tocopherol and animal fat 
the serum, colostrum and milk a-tocopherol concentration was low (P < 0.05). 
The cell-mediated immunity and the phagocytic capacity of sows were not systematically affected by 
a-tocopherol supplementation or by different types of dietary fat. However, the humoral immune 
system may have been affected by the combinations of a-tocopherol and fat which were used 
(Figure 1). 
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Effect of vitamin E and fat source in sows' diets on immune response 
of suckling and weaned piglets 
Abstract 
Thirty-six 7-month-old gilts were used to study the effects of dietary vitamin E and fat source (5% 
sunflower oil or animal fat) in pregnant and lactating sow diets on serum vitamin E concentration 
and on cell-mediated and humoral immune response in suckling and weaned piglets. Six gilts each 
received one of six diets throughout pregnancy and lactation. The basal diets (13 mg a-
tocopherol/kg diet) were supplemented with DL-a-tocopheryl acetate to 48 and 136 mg a-
tocopherol/kg of feed (average analyzed values). After weaning (at 4 weeks of age) all pigs received 
identical diets (20 mg of a-tocopherol/kg feed). One week after weaning, pigs were immunized 
(i.m. with ovalbumin and tetanus toxoid) and antibody production was measured. Blood samples were 
taken immediately after birth, at 1 week after birth, at weaning and at four weekly intervals after 
weaning. Samples were analyzed for a-tocopherol concentration, total number of leukocytes, T- and 
B-lymphocytes, lymphocyte stimulation with concanavalin A, lysozyme activity, and immunoglobulin 
concentrations. It was concluded that a high vitamin E level in the sow's diet increased serum vitamin 
E concentration of 1-week-old pigs (P < 0.05). Immune response against ovalbumin was increased 
(P < 0.05) at 1 week of age after immunization for weaned pigs from sows fed the high level of 
vitamin E. Also, the phagocytic measures of pigs at 1 week of age were increased by the medium 
vitamin E level {P < 0.05). Fat sources in the sow's diet had no consistent effect on the 
immunological measures of pigs. 
Key Words: Vitamin E, Fat, Piglets, Suckling, Rearing, Immunity. 
Introduction 
Vitamin E [vit. E] is associated with functions of the reproductive, nervous, circulatory, muscular 
and immune systems (Ullrey, 1981; Whitehair and Miller, 1985; Nockles, 1986). It seams to be 
essential for optimum function of all mammalian cells. This is thought to be related to its antioxidant 
property (McMurray and Rice, 1982). Dietary content of polyunsaturated fatty acids increases the 
requirement of a-tocopherol (Pharazyn et al., 1990). Vit. E can affect the immune status (Nockels, 
1986). It has been demonstrated that the immune status of mice, chickens (Tengerdy et al., 1972, 
1973), and weanling pigs (Peplowski et a!., 1981) is enhanced by high dietary vit. E levels. 
The first weeks are very critical in the life of pigs. They depend highly on antibodies through 
absorption of immunoglobulins from colostrum. After this stage of passive immunity, the active 
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immune system is initiated. Vit. E levels in colostrum and milk are increased when high levels of vit. 
E are fed during pregnancy and lactation (Malm et al., 1976). It is assumed that this influences the 
immune status of pigs during suckling and rearing. 
The present experiment was designed to investigate the effect of vit. E and fat source in diets 
during pregnancy and lactation on serum a-tocopherol concentration in pigs. Also, humoral and cell-
mediated immune response of pigs during suckling and after weaning were measured. 
Materials and Methods 
Animals. 
A total of 36 PIC (Pig Improvement Company, England) hybrid, first-litter, 7-month-old gilts and 
their progeny were used in two batches. Animals were bred with Great Yorkshire boars at the 
experimental unit of the Agricultural University. 
Experimental Design and Diets. 
The experiment was designed with two different fat sources and three levels of vit. E in the sow's 
diet at nearly identical levels of energy in a 2 x 3 factorial arrangement (Table 1 ). 
Table 1. Experimental arrangement 
Treatment Codea Vitamin Eb 






















"Vitamin E level (as a-tocopherol): L (low); M (medium); H (high). Dietary fat: V (vegetable fat); 
A (animal fat). 
Analysed values. 
An unsaturated vegetable fat (V; sunflower oil: commercial cooking-oil) and a saturated animal fat 
(A; slaughtering waste, packing house by-product; Nederlandse Thermo-Chemische Fabrieken, The 
Netherlands) were used. These fats were included in the diet at a level of 5 % (Table 2). The basal 
diets contained 13 mg a-tocopherol /kg feed (low level)=L and these diets were supplemented by DL-
a-tocopheryl acetate to 48 (medium level)=M and 136 (high level)=H mg of a-tocopherol per kilogram 
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of feed (average analyzed values). The selenium concentration of diets was 0.1 mg per kilogram of 
feed. 
Table 2. Composition of diets for pregnant and lactating sows 


















For treatments 1, 2, and 3. 
For treatments 4, 5, and 6. 
1 kg of basal premix contains: calcium 284 g, copper 2000 mg, manganese 4800 mg, zinc 8000 mg, 
iron 16000 mg, cobalt 50 mg,iodine 80 mg, selenium 20 mg, all-trans-retinyl acetate 482 mg, 
cholecalciferol 7 mg, riboflavin 800 mg, niacin 3600 mg, D-panthotenic acid 1400 mg, choline 
50000 mg, cyanocobalamin 3 mg, DL-alpha-tocopheryl acetate 2400 mg, biotin 20 mg. 
Calculated from net energy according to Centraal Veevoederbureau (CVB,1988) and assuming net 
energy is 70% of metabolizable energy. 
Feeding and Housing. 
The experiment was started at mating and lasted until the pigs were 8 weeks of age (4 weeks of 
suckling plus a subsequent period of 4 weeks for rearing). 
Each sow received in each treatment during pregnancy and lactation a diet of the same composition. 
During pregnancy the gilts were fed 30 MJ ME/d (2.4 kg.d"1.gilt"1) from d 21 after insemination 
Wheat middlings 
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onward. During lactation sows received feed at a level of 1% of body weight (maintenance) and an 
additional 0.5 kg per pig (for milk). 
During suckling no creep feed was given. Pigs were weaned at 28 d of lactation (range in age: 27 to 
29 d). After weaning, pigs of all sows ate the same rearing diet (20 mg of a-tocopherol/kg) ad libitum 
(Table 3). 
The nutrient content of the diet was established according to the Dutch standard (CVB, 1988). 
For each treatment group, six gilts were used. Animals were fed twice daily in individual feeding 
crates during pregnancy. On d 110 of gestation each gilt was moved to a farrowing crate. After 
weaning, pigs from various treatments were mixed and housed in groups of 10 animals each. 
Water was available ad libitum for sows and pigs during the whole experiment. 
Blood. Milk and Feed Sampling. 
Blood samples from piglets were taken three times during suckling: immediately after birth (before 
colostrum intake), 1 week after birth, and at weaning (4 weeks of age). After weaning, animals were 
sampled four times at intervals of 1 week. Samples were taken by external jugular veni-puncture in 
vacuum tubes. Each time, blood from two pigs from each litter was sampled. During rearing each 
piglet was sampled a maximum of two times. 
One week after weaning (average 5 weeks of age) all pigs were immunized intramuscularly with 4 mg 
of ovalbumin in 0.5 ml of 0.9 % NaCl and 0.5 ml incomplete Freund's adjuvant [Rijksinstituut voor 
de Volksgezondheid, Bilthoven, The Netherlands] (in one side of the neck) and with 0.33 ml of 
tetanus toxoid vaccine (10 Lf/ml, 3 mg/ml aluminum phosphate) in 0.67 ml of 0.9 % NaCl (in the 
other side of the neck) to measure antibody production at intervals of 7 days after injection. Blood 
sampling as well as immunization was done at specific intervals after birth. In the first batch of sows, 
pig sampling was done on a single day. In the second batch of sows, pigs were sampled on two 
separate days. 
Colostrum was collected by hand from all functional nipples during the farrowing process (six sows 
per treatment). Milk samples were obtained at weaning using an intravenous injection of 2 ml of 
oxytocin (10 IU/ml) diluted with sterile NaCl solution (0.9%) 1:1. 
Experimental diets were sampled two times per week during the experiment. 
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Table 3. Composition of diet for weaned pigs 
Ingredient g/kg 
Barley 350 
Linseed expeller 25 
Cooked corn 92 
Cooked wheat 226 
Denatured skim milk powder 85 
Delactosed whey powder 100 
Potato protein 50 
Formic acid 4 
Coconut oil 4 
Calprona-Pa 5 
Animal fat 18 
Vegetable fat 13 
Crystalline lysine and methionineb 6 




as analysed (g/kg DM) 
Crude protein 196 
Crude fat 50 
Crude fiber 31 
as calculated 
Metabolizable energyd, MJ/kg DM 16.33 
Digestible lysine, g/kg DM 13.90 
a
 Mixture of propionic, formic, and acetic acid; Verdugt B.V, The Netherlands. 
b
 20% L-lysine and 10% DL-methionine. 
c
 1000 g of premix contains: copper 10000 mg, iron 2250 mg, zinc 12500 mg, manganes 4000 mg, 
cobalt 15 mg, iodine 40 mg, selenium 12.5 mg, all-trans-retinyl acetate 516 mg, cholecalciferol 5 
mg, dl-alpha-tocopheryl acetate 2500 mg, riboflavin 400 mg, niacin 4000 mg, d-panthotenic acid 
1500 mg, choline 8000 mg, folic acid 40 mg, cyanocobalamin 2 mg, ascorbic acid 25000 mg, vitamin 
K3 100 mg, Carbadox 5000 mg, L-lysine 200 g, DL-methionine 90 g. 
d
 Calculated from net energy according to Centraal Veevoederbureau (CVB,1988) and assuming net 
energy is 70 % of metabolizable energy. 
Blood, Milk, and Feed Analysis 
Alpha Tocopherol. Alpha-tocopherol content in the feed, serum, and milk was analyzed using a HPLC 
method (F. Hoffmann- La Roche Laboratory, Basle, Switzerland). The dietary a-tocopherol was 
analyzed by the method of Manz and Philipp (1981), and serum, colostrum, and milk were analyzed 
according to the method described by Vuilleumier et al. (1983). 
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Cell Isolation. Peripheral blood lymphocytes were isolated using density centrifugation as described 
by Miller (1986). 
Lymphocyte Stimulation Test. The mitogen responsiveness of lymphocytes to concanavalin A (ConA) 
was determined with a lymphocyte stimulation test (LST) using the method of Joling et al. (1983). 
Quantification of B- and 7'-lymphocytes. Composition of the blood lymphocyte population was 
measured using direct or indirect fluorescence staining techniques as described by Rozing et al. (1977) 
and analyzed on a fluorescence-activated cell sorter (FACStar, Becton-Dickinson, Oxnard, CA.). B-
lymphocytes were labeled with rabbit anti-swine immunoglobulin conjugated with fluorescence 
isothiocyanate (Dako-Immunoglobulins, Denmark). T-lymphocytes were labeled with monoclonal 
antibody MSA4 directed against the CD2 surface molecule (Hammerberg and Schurig, 1986). 
Lysozyme Activity. The lysozyme activity in blood was measured as described by Lie (1980). 
Single Radial Immunodiffusion. Concentration of the isotypes were assayed in serum as well as in 
colostrum and milk as described by Mancini et al. (1965). Agarose gels (1 %) in barbitone buffer (pH 
8.2) were mixed with anti-isotype sera. The anti-isotype sera used were goat anti-swine 
immunoglobulins (Ig) G, M and A (Kirkegaard and Perry Laboratories Inc., Gaithersburg, MD.). 
Samples were diluted in 0.9 % NaCl and injected in punched holes in the gel. Positive reactions 
correlated with precipitation, which reflects the concentration of the isotypes. The relative values 
were calculated by the following formula: 
sample' standard 
where: rv= relative value and r = radial of precipitation ring (mm). 
Enzyme-Linked Immunosorbent Assay. Specific antibody response directed against ovalbumin and 
tetanus toxoid was measured using a direct ELISA technique (Van Zaane and Hulst, 1987). Antigen 
(ovalbumin, 10 ßg/m\; tetanus toxoid, 10 Lf/ml) was dissolved in coating buffer (carbonate buffer, 
pH 9.6). For each test at least four serum dilutions in 0.15 M PBS (pH 7.2) containing 2 % NCS and 
0.05 % of Tween-20 (Brocacef, The Nertherlands) were used. After incubation for 2 h at 37°C, the 
bound antibody could be determined with rabbit anti-swine IgG conjugated peroxidase (Nordic 
Immunology, The Netherlands). Peroxidase activity could be measured with the help of tetramethyl 
benzidine in a concentration of 6 mg/ml dissolved in desoxymethylsulfoxide. The extinction was 
measured at 450 nm. 
Feed Analysis. 
Analysis of dry matter, nitrogen and crude fat were done according to procedures outlined by the 
International Organization for Standardization (ISO 6496 [1983],ISO 5983 [1979], and ISO 6492 [1985] 
respectively). Crude fiber was analyzed by Dutch standard (NEN 5417, 1988). 
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Statistical Analysis. 
Data were analyzed by ANOVA with the following models per sampling day. Colostrum and milk 
from sows was analyzed using the following model: 
Yijkl= M+Ai+Bj+(AB)ij+Ck+eijkl [1] 
where: Y,jkl = dependent variable, n = mean, A— type of dietary fat (i= 1,2), Bj= vit. E level in sows' 
diet (j= 1, 2, 3), (AB);J= interaction between fat and vit.E, Ck= batch of sows (k= 1, 2), and ejjkl= 
residual error. 
When interaction and batch of sows were not significant, the model was recalculated without these 
variables. For blood samples from pigs, the following model was used: 
Yijkim = /^+Ai+Bj+(AB)ij+Ck+Dl+eijklm [2] 
where: Y;jklm = dependent variable, \i = mean, A~ type of dietary fat in sow's diet (i= 1, 2), Bj= vit.E 
level in sow's diet (j= 1, 2, 3), (AB);j= interaction between fat and vit.E, Ck= blood sampling group 
of piglets (k= 1, 2, 3), D,= mean size of litter during lactation, and ejjklm= residual error. 
Analysis of variance was done by GLM procedure (SAS, 1985) for both milk and blood values. 
When significant effects were obtained with models [1] and [2], differences between means were 
compared by Tukey's test (SAS, 1985). Data were tested at a 0.05 significance level. Interactions or 
effects of blood sampling group and litter size (model [2]) were omitted if not significant. In model 
[2], sow effect was not found. Variation between pigs within sow was similar to variation between 
pigs between sows within treatment. 
In the present study, data on colostrum and milk represent the mean of six observations. However, 
data on blood measures in pigs represent the mean of 10 to 12 samples per vit. E and fat combination, 
or 21 to 24 samples per vit. E level in the sow's diet. 
Results 
Alpha Tocopherol Concentrations 
Colostrum and Milk Samples. Because vit. E is a fat-soluble vitamin, a-tocopherol (vit. E) 
concentrations are presented as micrograms per gram of fat. In the sows fed sunflower oil, added vit. 
E had no effect on vit. E level in colostrum fat and in milk fat (Table 4). In combination with animal 
fat, there was an increase (P < 0.05) in vit. E content in colostrum and milk when higher levels of vit. 
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 All concentrations of a-tocopherol expressed as micrograms per gram of fat. 
b
 Treatments and codes are defined in Table 1. 
c
 Root mean square error. 
d,e,f
 Different superscripts in the same row indicate significant differences among treatments 
(P < 0.05) 
E were included in the diet. In both colostrum and milk the lowest values were measured in gilts fed 
animal fat and the low vit. E level. During lactation, a pronounced decrease in vit. E concentration 
was observed in all groups. 
Blood Samples From Pigs. The serum vit. E concentration just after birth in groups fed either 
sunflower oil or animal fat tended to be higher (P > 0.05) when sows were fed high vit. E levels 
(Table 5). 
Table 5. Effect of dietary vitamin E and fat source in the sow's diet on serum alpha tocopherol 











































 All concentrations of a-tocopherol are expressed as milligrams per liter. 
b
 Treatments and codes are defined in Table 1. 
c
 Root mean square error. 
d




 Different superscripts in the same row indicate significant differences among treatments 
(P < 0.05). 
Vit. E levels in blood serum at 1 week of age were increased (P < 0.05) in both fat groups by high vit. 
E levels in the sow's diet. At weaning the serum vit. E concentration was not affected by vit. E levels 
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in the sow diet. However, in the groups fed sunflower oil, higher (P < 0.05) values were measured 
than in the groups fed animal fat. At the end of rearing there was no treatment effect observed. 
During the experiment the lowest values were obtained just after birth and the highest at 1 week of 
age. In this table it also can be seen that the lowest vit. E concentrations during the experiment were 
measured in pigs from sows fed low vit. E with animal fat. 
Immunological Parameters in Pigs 
Cell Isolation. Treatments had no effect on the total number of leukocytes and on the mitogen 
response to ConA during the suckling and rearing periods (data not shown). 
Quantification of T- and B-lymphocytes. The least squares means of T-lymphocyte percentage 
between treatments 1 to 6 at 1 week of age ranged between 25 and 52%, at 4 weeks of age between 
55 and 63%, and at 7 weeks of age between 51 to 54%. In several animals, isolation of lymphocytes 
at 1 week of age was problematic, so these animals were not tested. At 1 week of age the lowest value 
(25%, n=8) was found in the sunflower oil group with high vit. E in the sow's diet (P < 0.05). The 
highest value (52%, n=3) was measured in pigs from sows fed sunflower oil and low vit. E. At weeks 
4 and 7 the lymphocytes in all samples (12 samples per treatment) could be detected. Results showed 
no difference (P > 0.05) between treatment groups. The least squares means of B-lymphocytes at 1 
week of age in the low vit. E group was 9.3% (n=4), in the medium vit. E group was 11.9% (n=13), 
and in the high vit. E group was 8.4% (n=16). 
Percentages of B-lymphocytes at 4, 5 and 7 weeks of age are given in Table 6. 
Table 6. Effect of different vitamin E levels in sow's diet on percentage of B-lymphocyte" in pig 
blood 
Vitamin E in sow's diet, mg/kg feed 
Age, week RMSEb 






 Least squares means. 
b
 Root mean square error. 
Data in this table show that the B-lymphocyte percentage (least squares means of 24 samples per vit. 
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weeks of age. Fat source had no effect on percentage of B-lymphocytes. 
Lysozyme Activity. Lysozyme concentrations in the blood of pigs from sows fed medium levels of vit. 
E at 1 week of age showed an increase (P < 0.05) of 122% after a 50-min incubation time (Table 7). 













Vitamin E in sow's diet, mg/kg feed 
13 48 136 
Lysozyme concentration 
1.85 1.99 1.82 
2.37e 2.88d 2.37c 
3.19 3.04 3.37 
3.57 3.46 3.38 
4.24 4.59 4.36 









 All concentrations of lysozyme are expressed as micrograms per milliliter. 
b
 Root mean square error. 
c,d
 Different superscripts in the same row indicate significant differences among treatments 
(ƒ> < 0.05). 
The concentration of lysozyme in pigs from sows fed high vit. E was the same as than in pigs from 
sows fed low vit. E. At weaning and at the end of rearing, lysozyme concentration was not affected 
by treatment. 
Single Radial Immunodiffusion. Immunoglobulins A and M were below the detection level of the 
single radial immunodiffusion technique. Data in Table 8 show that IgG level at 1 week of age was 
dramatically increased in all groups compared with data at birth, and that it decreased at weaning. 
Just after birth, when animal fat was included in the sow diet IgG levels in pig blood showed a 
tendency to be increased with high vit. E (P > 0.05). At 1 week of age the highest value (P > 0.05) was 
measured in the blood of offspring from sows fed animal fat and the medium level of vit. E. At 
weaning, the combination of high vit. E and animal fat in the sow's diet resulted in somewhat higher 
values of IgG in the pig's blood. At the end of rearing no treatment effect was observed. 
Enzyme-Linked Immunosorbent Assay. The antibody production of pigs against tetanus toxoid was 
not affected by vit. E levels and fat sources in sow's diet. The log2 titers ranged between treatment 
groups: at day of immunization 2.0 to 2.4; 3 weeks after immunization, 7.4 to 9.2. 
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 Relative values by single radial immunodiffusion. 
b
 Treatments and codes are defined in Table 1. 
c
 Root mean square error. 
d
 Just after birth, before colostrum intake. 
11.0 
1 2 3 
Postweaning time, wk 
Figure 1. Mean antibody titers for ovalbumin (injected on week 1 after weaning) in pig blood. Three 
groups differed in vitamin E levels in sows' diets (13 mg/kg, • ; 48 mg/kg, • ; 
136 mg/kg, • ). Mean + s.e. 
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Immunization with ovalbumin, however, resulted in an increased titer (P < 0.05), 1 week after 
immunization in pigs originating from sows fed high vit. E compared with low vit. E group (Figure 
1 ). The titers of pigs from sows fed animal fat were higher than those of pigs from sows fed vegetable 
fat (P < 0.05).In Figure 1 it also can be seen that the antibody titers in pigs from sows fed high vit. 
E were higher in the whole measuring period than the titers of pigs from sows fed medium and low 
levels of vit. E. 
Discussion 
Alpha Tocopherol Concentrations 
Colostrum and Milk Samples. Several studies have shown that dietary vit. E increased the vit. E 
concentration in sow milk (Cline et al., 1974; Young et al., 1977). This effect was consistent during 
lactation (Loudenslager et al., 1986). This is in agreement with results of the present study. We also 
found an increase in the concentrations of vit. E in colostrum and milk with high vit. E in the diets. 
This increase was more evident in the groups fed animal fat than in the groups fed sunflower oil. 
Similar trends were obtained by Malm et al. (1976). They found that the concentration of vit. E in 
colostrum and milk was 6 to 35 times higher in sows fed supplemental dietary vit. E than in sows 
without supplementation. Dietary animal fat tended to yield higher concentrations of vit. E in milk 
fat than corn oil (P > 0.05). 
Blood Samples From Piglets. The present study showed that, at birth, there was a tendency for 
increased levels of vit. E in serum of pigs from sows fed a high level of vit. E, especially when the 
diet also included animal fat. Malm et al. (1976) also showed an increase with a combination of high 
vit. E and lard in the sow's diet (P < 0.05), but not with corn oil. In the current study vit. E 
concentration in the serum of pigs from sows fed animal fat and low levels of vit. E was the lowest. 
However, it should be noted that after farrowing in this group the serum vit. E concentration in sows 
was also the lowest (Babinszky et al., 1991). This may suggest that the placental transfer of vit. E in 
this group was somewhat lower than in other groups. 
The present study showed in both fat groups a clear increase (P < 0.05) in serum vit. E levels of pigs 
at 1 week of age with high dietary vit. E in the sow's diet. At weaning, pigs from sows fed sunflower 
oil had a slightly increased vit. E level in the serum (P > 0.05). According to Ullrey (1981), there is 
a relatively high correlation between serum vit. E and the amount of vit. E in the body of the animal. 
In our investigation, at the end of lactation the increase in serum vit. E in the pigs from sows fed 
high levels of vit. E was less than at 1 week of age. This indicates that the vit. E in serum of the pigs 
was influenced by the high level of vit. E in the sow's diet to a much smaller degree than at week 1 
of age. This vit. E level was, however, still associated with a high vit. E concentration in milk at time 
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of weaning. This clear vit. E effect in milk was not reflected in the level of vit. E in serum of pigs. 
We concluded that serum vit. E concentration may not reflect the vit. E status of pigs. 
During the rearing period the effect almost disappeared. This is in accordance with data of 
Loudenslager et al. (1986). They reported an increased serum vit. E level in pigs at 2 d of age from 
sows fed vit. E- and selenium-supplemented diets during pregnancy. In their study, the effect 
disappeared at 21 d of age. Both of these studies showed that enhanced vit. E levels in the sow diet 
can influence vit. E levels in serum of pigs. 
Immunological Criteria in Pigs. Yasunaga et al. (1982) injected mice with vit. E and reported an 
increased lymphocyte mitogen response. Bendich et al. (1986) found a positive correlation between 
serum vit. E levels and lymphocyte mitogen response stimulation in rat. This suggests that in rats an 
effect of dietary vit. E on the lymphocyte mitogen response was found if the serum vit. E was 
increased. In the present study no such increase of serum vit. E level in pigs at weaning or after 
weaning was found. This may be the reason why no effect of treatment on T-lymphocyte mitogen 
responses were found. 
The present study showed an increased lysozyme level in blood of 1 -week-old piglets from sows 
fed medium levels of vit. E. With the high vit. E level this concentration was decreased. A similar 
trend was observed by Plyashchenko and Grigorev (1985). They reported an increased humoral 
immune response in blood of suckling piglets when vit. E was supplemented to sow diets containing 
10 mg of vit. E/kg of diet. Providing an additional 50 and 70 mg of vit. E daily per sow enhanced 
lysozymal activity, whereas daily addition of 100 mg/ sow had an adverse effect. 
At birth the IgG levels in serum of pigs from sows fed animal fat in the present study were slightly 
increased (P > 0.05). The present data showed an enhanced level of IgG at 1 week of age with medium 
and high dietary vit. E levels (P > 0.05). Jackson et al. (1978) showed improved antibody titers in 
chicks when immunized hens were fed higher levels of vit. E. Barber et al. (1977) found an increase 
in total IgG level in vaccinated pigs given an i.m. injection of vit. E. Hayek et al. (1989) reported that 
a single i.m. injection of vit. E and(or) selenium on d 100 of pregnancy increased IgG concentrations 
in pig blood on d 14 of lactation. They concluded that prepartum injection of sows with vit. E and 
selenium can influence immunoglobulin transfer to their pigs. The results of these studies show that 
vit. E can influence the IgG levels in animals. 
In our investigation, because of an isolation problem T- and B-lymphocytes in pig blood at 1 week 
of age could be measured in only a few samples. At weeks 4 and 7 the percentage of T-lymphocytes 
was not different (P > 0.05) between treatments. The B-lymphocyte percentage was only slightly (P 
> 0.05) increased by vit. E level in the sow's diet. Whether high doses of vit. E given to the sows can 
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influence the IgG level and the percentage of T- and B-lymphocytes in pigs during suckling and 
rearing must be elucidated in further experiments. 
In our study, immunization with ovalbumin showed an increased immune response (P < 0.05) 1 week 
after immunization in the pigs from sows fed high vit. E compared with pigs from sows fed low vit. 
E. This is a carryover effect of vit. E during lactation. Peplowski et al. (1981) showed a positive effect 
from vit. E in the rearing diet in weanling pigs on humoral immune responses during several weeks 
after immunization. Both these studies show that vit. E may have an effect on the immune response 
of pigs. In our study this response may be a carryover effect from the sow's diet, but the direct effect 
from the pig's own diet may be longer. 
In conclusion, our study gives evidence that vit. E given in the sow diet can influence vit. E 
concentration in serum of pigs during the first part of lactation. The results indicated that phagocytic 
measures of pigs at 1 week of age may be influenced by vit. E in the sow's diet. Results also suggested 
that the immune response of pigs after weaning was increased by a carryover effect from the sow's 
diet with high vit.E levels. Fat sources in combination with different levels of vit. E in the sow's diet 
had no consistent effect on immunological measures tested in pigs. 
Implications 
Survival of pigs is a very important economic issue in pig production. The present study on vitamin 
E shows that there may be reason to adjust vitamin E level in sows' diets to enhance vitamin E status 
of young pigs. The results of this study also indicated that extra vitamin E given to sows can influence 
some immunological measures. The health status of pigs during suckling also may be affected. After 
weaning, the immune response of pigs can increase as a consequence of a carryover effect from a high 
level of vitamin E in the sow's diet during suckling. The fat sources in the sow's diet had no consistent 
effect on the immunological measures tested. 
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One of the most important factors for the improvement of production efficiency in swine 
operations is to improve sow productivity (Shurson et al., 1986). This can be accomplished by 
increasing milk production and optimizing lactation weight loss (improving energy balance) of sows. 
The health status of sows and piglets may also play an important role in profitable swine production. 
Many factors can influence the aforementioned traits including nutritional factors. 
In the present thesis the effect of two nutrients (dietary fat and vitamin E) on energy metabolism 
and lactation performance of primiparous sows was studied. The study of the effect of dietary vitamin 
E and type of dietary fat on the immune system of lactating sows and piglets was also an aim in the 
present investigation. In order to answer the question whether the aforementioned traits can be 
improved by these two nutrients three series of experiments were performed. 
Chapter 1, 2 and 3 reported the effect of different levels of dietary fat and vitamin E on the energy 
metabolism and lactation performance of sows. The effect of dietary vitamin E and different types 
of dietary fat on the lactation performance and on the immune status of sows and their piglets was 
shown in Chapter 4, 5 and 6. 
II. Energy metabolism of lactating sows 
Data on energy metabolism of sows were given in Chapter 1 and 2. In experiment 1, the energy 
output via milk, the heat production, and the energy balance of sows, were not affected by the 
moderate fat level in the lactation diet. In experiment 2, in the high fat group, the milk energy 
production was higher (P < 0.05) as a consequence of the higher energy content of the milk. The heat 
production of sows fed a high level of dietary fat was remarkably reduced (P < 0.05) compared to the 
low-fat group. The higher faeces and milk energy output of sows fed a high level of dietary fat 
resulted in significantly greater losses of body energy (P < 0.05) at controlled ME intake. This more 
negative energy balance of sows was reflected in significantly larger body fat loss between days 18 
and 25 of lactation (Chapter 1, Table 7). 
The nitrogen balance of sows in both experiments was not affected by the dietary fat level. 
The composition of various components which comprise digestible energy intake of sows was also 
determined in order to explain the results obtained from both experiment 1 and experiment 2. The 
calculations in this discussion have been based on the mean measurements per treatment during the 
balance period (between days 18 and 25 of lactation). Normally metabolizable energy is used for 
production and maintenance. We also calculated the contribution to total DE of various dietary 
components, in order to derive the contribution of fat to the energy balance. Moreover, only urinary 
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energy difference is related to protein. Therefore, the difference between DE and ME was only 
urinary energy. Gas production as CH4 and H2 was neglected because of low amounts of fibre in the 
diet. 
Data in Table 1 show in exp.l that in the low-fat group (St) 8.8% and in the moderate-fat group (A) 
15.4% of the total DE intake of sows were derived from dietary fat. In exp.2, however, the contrast 
between low and high-fat group was much greater. In the low-fat group (St) 7,4 in the high- fat 
group (A) 24.7% of total DE was received from dietary fat. In exp.l the very small difference in DE 
intake from dietary fat undoubtedly was too small to show a fat effect on the energy metabolism of 
sows. 
Table 1. Source of digestible energy intake of sows" 
Item 
Total DE-intake of sow 
























































 Calculation based on the measurements during balance period (between days 18 and 25 of lactation). 
b
 Starch (low fat) group. 
c
 Animal fat group (in exp.l: only moderate-fat level; in exp. 2: only high-fat level). 
d
 Calculated as DE-(DEprote in+DEs tarch+DE fa t+DEcrudef lber). 
Data in the literature show that the energy balance and heat production of mature, non-pregnant sows 
fed at approximately maintenance level (Müller and Kirchgessner, 1980; Kirchgessner and Müller, 
1984) or in rats at a low ME intake (Prabucki and Schüren, 1977) were not affected by dietary fat 
level. This explains why in animals fed at maintenance, fat energy may be utilized slightly less 
efficiently than carbohydrates (Chudy and Schiemann, 1969). 
If the daily ME intake of animals is higher, the heat production of growing pigs tends to 
decrease at a higher fat intake (Hillcoat and Annison, 1974). In our investigation, the daily ME intake 
was higher than in the experiments described in the literature. We found a pronounced decrease in 
heat production (HP) of sows fed high level of dietary fat compared with animals fed the low-fat 
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(carbohydrate-rich) diet. According to van Es and Boekholt (1987) this lower HP may be caused by 
a higher efficiency of the fat energy in the milk from dietary fat energy (95%) than from 
carbohydrate to milk fat energy (80%). 
This lower heat production of sows may be beneficial especially at high ambient temperatures. In such 
conditions (e.g. in summer period in the farrowing barn) it can be more difficult to dissipate the heat 
increment from feed than in cool conditions (Schoenherr et al., 1989). This may result in more heat 
stress in carbohydrate diets compared to fat diets and may result in less feed intake (NRC, 1981). 
On the basis of results for energy metabolism of sows reported in Chapter 1 the daily milk related 
ME intake and heat production can be calculated (Table 2). 
Table 2. Milk related metabolizable energy intake (MEmiik) and heat production (HPmi]k) of sows 
measured between days 18 and 25 of lactation 
Item 
Daily MEmilk intake, kj/kg° 










 Codes are defined in Table 1. 
b MEmilk= (MEfeed+MEbody)-MEmaintenanca; . „ 
Daily maintenance requirement of sows assumed: 420 kj ME /kg . 
C
 ^Pmilk= Hp"MEmaintenance- HPmilk is corrected per experiment towards similar ME intake by 
assuming an efficiency of body reserve into milk of 0.8. 
The total ME used for milk production and maintenance was calculated as follows: 
MEt=MEfeed - (EB/0.8), because EB < 0 
where: MEt= daily total ME used for milk production and maintenance (MEfeed+MEbod ), kj/kg075; 
MEfeed= daily ME intake of sows from feed (kJ/kg075); EB= daily energy balance of sow (kj/kg075). 
The factor of 0.8 reflects the assumption that about 0.8 MJ of energy from body is as effective in 
supporting milk production as is 1 MJ of dietary ME (Verstegen et al., 1985). 
The ME t- MEm (MEm = daily ME maintenance = 420 kJ/kg075) gives the amount of ME used for 
milk energy production (MEmill[). In exp. 2 in the high-fat group animals received 8% more energy 
than in the low-fat group. This difference at the nearly similar ME intake can be explained by the 
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more negative energy balance of sows in the high-fat group. The more negative EB of sows suggest 
that animals at controlled ME intake used more energy from body (fat) tissues than in the low-fat 
group. The daily HPmilk of sows was calculated from daily HP measured during the balance period 
(kJ/kg075) subtracting the daily maintenance requirement of sows (420 kj ME /kg0 7 5) . Results in 
Table 2 show that at similar ME intake in exp. 1 the moderate-fat group sows produced about 5% less 
heat than in the low-fat group. In exp. 2 sows fed the high-fat diet produced 21% less heat (HP for 
milk production) than those fed the low-fat diet. 
The heat associated with milk energy synthesis (HPmük) provides an opportunity for the calculation 
of the efficiency of dietary fat for milk fat production. This calculation was done only in exp.2 since 
in this experiment the contrast in dietary fat intake of sows was larger than in exp.l. This calculation 
was done as follows: 
AHPmilkc= Adig.St *(17.5-14.66)+Adig.fat *(39.3-x) 
Eff= x/39.3 
where: AHPmilk c= difference in milk related HP of sows (corrected towards similar ME intake by 
using body energy) between low (St) and high-fat (A) group (St-A; kJ/d); Adig.St= difference in 
daily digestible starch intake between low (St) and high-fat (A) group (St-A; g/sow); 17.5 kj/g= 
gross energy contant of starch; 14.66 kJ/g NE content of starch (Noblet et al., 1989); Adig.fat= 
difference in daily digestible fat intake of sows between low (St) and high-fat (A) group (St-A; 
g/sow); 39.3 kj/g= gross energy content of fat; x = NE content of fat (kJ/g); Eff= efficiency of 
milk fat production from dietary fat. 
The abovementioned formulas, give a value of 35 kJ/g NE content of fat (x) and of 0.89 for the 
efficiency of dietary fat for milk fat production. This efficiency is somewhat lower than that reported 
by van Es and Boekholt (1987). However, it should be noted that in our calculation we assumed that 
NE content of starch is 14.66 kJ/g (Noblet et al., 1989). This value indicates that the efficiency of 
milk fat production from starch is 84% (14.66/17.5). However, if we assume an efficiency of 0.8 for 
milk fat production from starch (van Es and Boekholt, 1987) the efficiency for dietary fat is even 
higher (94%). 
The other remarkable result is the change in respiratory quotients (RQ) of sows (Chapter 2). It 
was found, that in both experiments in the fat groups the RQ was significantly lower than in 
carbohydrate groups (low-fat groups). A similar tendency for RQ was found in mature non-pregnant 
sows (Müller and Kirchgessner, 1980) and in rats (Prabucki and Schilrch, 1977). The higher RQ for 
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sows fed the low or moderate-fat diet indicates that more milk fat is synthetized from carbohydrates 
(Brouwer, 1958). 
In our study, the daily total milk fat production (from diet and body tissues), and the amount of 
milk fat potentially synthetized from dietary fat and the rest from non-fat nutrients in diet were 
calculated. The results are given in Table 3. Data show that the total milk fat production in exp.l in 
the moderate-fat group was about 5% higher than in the low-fat group. In exp. 2 animals in the high-
fat group produced 20% more milk fat than those fed the low-fat diet. 
Data also indicated that animals receiving the moderate or high-fat level diet could produce somewhat 
more milk fat from the diet than the sows fed the carbohydrate-rich diets. 
In experiment 2, in the high-fat group, the daily dietary digestible fat intake was higher than milk 
fat production from diet (400 and 349 g/d respectively). Therefore, animals had 51 g/day of dietary 
fat available for purposes other than milk. Data from exp.2 show that sows fed a high dietary fat level 
had no need to use the non-fat nutrients of the diet for milk fat production. These findings are in 
accordance with the change of RQ values. 
Table 3. Fat balance in sows. Milk fat, body fat losses, dietary fat and fat to be synthetized from 
non-fat nutrients in diets between days 18 and 25 of lactation (g/day/sow) 
Experiment 1 Experiment 2 
Item 
Sta Aa St 
Daily milk fat production, g/sow 
totalb 
fat mobilization from body 
from diet 
from dietary fat 






















 Codes are defined in Table 1. 
b
 From diet and body tissues. 
c
 51 g of dietary fat used for other purposes. 
The dietary vitamin E content had no effect on the energy and nitrogen balances of sows. The 
HP and RQ were also not influenced by different levels of vitamin E in the lactation diet. It had been 
thought that fat uptake in the gastrointestinal tract may have been affected by dietary vitamin E level 
and so also the energy metabolism of sows, however, no effect of vitamin E on fat digestibility was 
found. 
To summarize, it can be stated that sows fed high level of dietary fat during lactation have a more 
negative energy balance and lose more body fat at controlled ME intake than those fed the low-fat 
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diets. Lactating sows fed a high level of dietary fat produce less heat than sows fed a low-fat diet. 
The higher respiratory quotients and the calculated amount of milk fat from non-fat nutrients in the 
diet for sows fed low or moderate dietary fat level, indicate that those animals also needed to 
synthesize milk fat from other dietary sources, probably carbohydrates. 
III. Milk composition and milk production of sows 
Composition of milk 
The composition of colostrum and milk at different stages of lactation were presented in Chapters 
3 and 4. Results at days 14 and 27 of lactation, show that only the high level of dietary fat had an 
effect on the composition of milk ( Chapter 3, exp. 2). On both days of lactation dry matter, fat, and 
energy content of milk from sows fed a high level of dietary fat were significantly increased (P < 
0.05). These results are in agreement with data in the literature. In many studies, it was found that 
a higher dietary fat level increased the fat content of milk (Moser and Lewis, 1980; Pettigrew, 1981; 
Boyd et al., 1982; Coffey et al., 1982). 
The effect of the type of dietary fat and the level of dietary vitamin E, on the composition of 
colostrum and milk was given in Chapter 4. The dietary fat and vitamin E had no effect on the 
composition of colostrum. At the end of lactation, the dry matter and fat content of milk were 
significantly higher in the sunflower oil group than in the animal fat group. We found that the dry 
matter and fat content of milk from sows fed the medium level of vitamin E in the diet, were 
significantly higher than in the high vitamin E group. Whether the milk fat and dry matter content 
of milk are affected by the type of dietary fat and vitamin E must be studied in further experiments. 
However, it should be noted that data reported by Pettigrew (1981) suggested there was a higher fat 
content in milk from sow fed corn oil than from sow fed animal fat. The protein content in milk was 
not influenced by level and type of dietary fat, nor by the level of dietary vitamin E. 
The effect of different levels of dietary vitamin E and types of dietary fat on the a-tocopherol 
content in colostrum and milk (at weaning) will be discussed later in this Chapter (Paragraph V). 
In conclusion, our study and data from the literature, give evidence that high levels of fat in the 
lactation diet can increase the fat and energy content of milk. The type of dietary fat and the level 
of dietary vitamin E had no clear effect on the composition of the milk. 
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Milk production 
The milk production of sows during lactation was not affected by dietary fat and vitamin E level 
(Chapter 3 and 4). Although the effect of dietary fat and vitamin E level on the milk production has 
been extensively studied, the results have not been consistent. This was already discussed in the 
General Introduction. Results from the literature show only a slight effect of fat on milk yield 
(Pettigrew, 1981; Coffey et al., 1982) or no effect at all (Lellis and Speer, 1983). This may be 
explained because many of the factors which influence the utilization of dietary fat (ME intake of 
sows, measuring techniques, parities, a.s.o.) were not consistent in these studies as was discussed in 
the General Introduction. 
Our data on milk yield indicate that a high level of fat in the lactation diet had no effect on the 
amount of milk production of primiparous sows (Chapter 3.). On the other hand, the efficiency of 
milk production from ME-feed above maintenance, was significantly higher for sows fed the high 
level of dietary fat than for sows fed the low-fat diet (Chapter 1; exp.2). This higher energetic 
efficiency of milk production indicates a more efficient production of milk fat from dietary fat than 
from dietary starch. 
Results of a study of Schoenherr et al. (1989) also supported the hypothesis that dietary energy in 
lactating sows may be utilized more efficiently for milk production when it is obtained from fat than 
when derived from starch. This concurs with our results. 
Lellis and Speer (1983) also concluded from their results, that the efficiency of milk production was 
higher for muciparous sows fed tallow than for sows fed dextrose. The higher efficiency of milk 
production indicated that in sows fed higher levels of dietary fat the energy cost for milk fat 
production was lower than for sows fed carbohydrate-rich (low-fat level) diet. 
In our investigation, the milk yield during the entire lactation was not significantly affected by 
the vitamin E level in the sow's diet. However, it should be noted that milk yield on the first three 
measuring days (first two weeks of lactation) tended to be higher in the high vitamin E group (126 
mg/kg diet) than in the low vitamin E group (14 mg/kg diet) (Chapter 4.). We made a similar 
observation in a subsequent study using nearly the same vitamin E levels (Babinszky, L., M.W.A. 
Verstegen and L.A.den Hartog, unpublished data). These findings may indicate that milk production 
of sows in early lactation may be slightly increased by high level of dietary vitamin E. However, this 
needs to be checked in further trials. According to Adams and Zimmerman (1982) the vitamin E 
effect on milk yield is more pronounced in multiparous sows than in gilts. Maybe this is why no clear 
vitamin E effect was found in our trials with first parity sows. The absence of vitamin E effect on 
milk production may be also why no vitamin E effect on energy balance of sows was observed. 
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In conclusion, it can be stated, that a high level of dietary fat in the lactation diet can increase 
the dry matter, fat and energy content of milk. The type of dietary fat and the dietary vitamin E level 
did not clearly affect the dry matter and fat content of milk. The daily milk production was not 
significantly affected by dietary fat nor by the vitamin E level. However, the energetic efficiency of 
milk production from ME-feed is improved (P < 0.05) when sows were fed at high levels of dietary 
fat. 
IV. Performance of sows and piglets 
In all experiments, sows lost weight and backfat during lactation (Chapter 3 and 4.). The live 
weights and backfat of sows was not affected by dietary fat (type and level of fat) and by dietary 
vitamin E level during lactation. Sows fed a high level of dietary fat had relatively large weight and 
body fat loss during the balance period (Chapter 1, exp.2). The large weight loss is related to the 
greater energy output via milk. 
Live weight of piglets during lactation was not significantly affected by the dietary fat levels in the 
lactating sow's diet. However, during the period of measurements (between days 18 and 25 of 
lactation) piglets from sows fed a high level of dietary fat had higher daily gain (P < 0.05) than piglets 
from sows fed low dietary fat (Chapter 3, exp.2). These results, from a wellcontroled 7-day-period 
suggest that high fat level in the lactation diet, can increase the daily gain of piglets. Pettigrew (1981) 
similarly concluded from the literature that the mean piglet weight at weaning appears to increase if 
the fat concentration in the sows diet is at least 8%. In our study the beneficial effect of dietary fat 
on the daily gain of piglets was found in the second half of lactation. 
The present studies also indicate that vitamin E level and the type of fat (sunflower oil and animal 
fat) in the pregnancy and lactation diet had no significant effect on the litter size, piglets' birth and 
weaning weight. These results confirm the literature data which suggest that the piglets' performance 
was not clearly affected by different levels of vitamin E (Malm et al., 1976; Nielsen., 1979). On the 
other hand, in other investigations, the extra vitamin E had a positive effect on piglets' performance 
although the response to the treatment was more pronounced in multiparous sows than in gilts (Adams 
and Zimmerman, 1982, Chavez and Patton, 1986). Whether at conditions with higher vitamin E 
demand a beneficial effect can be expected may depend on vitamin E storage within the body. 
Generally, from our results it can be concluded that a high fat level in the sow's lactation diet 
may increase the daily gain of piglets in the second half of lactation. The type of dietary fat and the 
vitamin E level in the sow's diet had no clear effect on the performance of the sows and piglets. 
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V. Alpha-tocopherol concentration in serum, colostrum and milk 
Data on a-tocopherol concentration in serum from sows and piglets, and in colostrum, and milk 
(reported earlier in Chapter 5 and 6) are summarized in Table 4. The relative value of measurements 
are given in Table 5. 
Serum from sows 
Results showed that a high vitamin E level in the gestation and lactation diet which included 
either sunflower oil or animal fat, increased the serum a-tocopherol concentration in the sows (P < 
0.05) just after farrowing and at weaning (Chapter 5). This increase of a-tocopherol was expected 
because several papers also reported that a-tocopherol concentration in the blood of sows could be 
enhanced by extra dietary vitamin E (Malm et al., 1976; Loudenslager et al., 1986). 
Table 4. Vitamin E intake of sows during lactation and alpha-tocopherol concentration in serum 
of sows and piglets and in colostrum and milk (data derived from Chapters S and 6) 
Treatment" 
Item 
LV MV HV LA MA HA 
Vit. E intake of sows 
mg/day 55 207 581 64 235 630 





sow's serum, mg/1 
post partumb 
at weaning 
piglets serum, mg/1 
at birthb 













































 Dietary vitamin E level: L (low), M (medium), H (high); dietary fat: V (vegetable fat: sunflower oil), 
A (animal fat). 
b
 During pregnancy all sows in all treatment groups received 2.4 kg feed /day. 
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However, it should be noted also, that sows fed low dietary vitamin E level combined with animal fat 
had the lowest level of serum a-tocopherol after farrowing and at weaning, compared with other 
treatment groups. 
The present trial does not explain the low serum a-tocopherol concentration in animals fed a low 
vitamin E level combined with animal fat. The animals may perhaps store more a-tocopherol in the 
body than in the other groups. It could also be that a-tocopherol uptake from the diet is reduced 
compared to vegetable fat. However, this hypothesis has to be confirmed in further experiments. 
Serum from piglets 
The a-tocopherol concentration in piglets serum just after birth (before colostrum intake) was low 
and was not significantly affected by the dietary vitamin E intake of sows. Pharazyn et al. (1990) 
concluded from the literature, that the low plasma and tissue levels of a-tocopherol in the newborn 
pigs indicated a low rate of vitamin E transfer across the placenta. Thus it is unlikely to be influenced 
by dietary supplementation of vitamin E in the sow's diet. Our study, however, showed that in both 
fat groups, a small increase in serum a-tocopherol concentration was found in piglets from sows fed 
high dietary vitamin E during gestation. 
Table 5. Relative values of the measurements* presented in Table 4 
Item 
Vit. E intake of sows 


































































 In both fat groups low vitamin E (L) is 100%. 
b
 Treatments are defined in Table 4. 
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The a-tocopherol levels in blood serum at 1 week of age were increased in both fat groups by higher 
levels of vitamin E in the sows diet (P < 0.05). This indicated that the a-tocopherol concentration in 
piglets' serum can be increased via colostrum and milk intake. But at the end of the lactation (4 weeks 
of lactation) the higher a-tocopherol concentration in the milk was not reflected in the level of a-
tocopherol in the serum of the piglets. This suggests that serum a-tocopherol concentration may not 
completely reflect the a-tocopherol status of piglets. 
Colostrum and milk 
Data on a-tocopherol concentration in colostrum and milk are reported in Chapters 4, 5 and 6 
and are summarized in Table 4. They demonstrate that a high level of dietary a-tocopherol intake 
with animal fat during gestation had a greater effect on the concentration of colostral a-tocopherol 
than with sunflower oil. At the end of lactation, the highest values in high vitamin E groups were 
found and no difference was observed between HV (high vitamin E plus sunflower oil) and HA (high 
vitamin E plus animal fat) groups. At the end of lactation the increase of a-tocopherol in milk was 
more pronounced in the animal fat group than in the sunflower oil group. From the present study it 
is not clear why this effect of animal fat was found. Malm et al. (1976) also found that animal fat 
from lard tended to promote a higher concentration of a-tocopherol in milk fat than did corn oil. 
The dietary vitamin E effect was expected because several studies showed that the a-tocopherol 
content of sow's milk was increased after extra dietary vitamin E (Nielsen et al., 1973; Cline et al., 
1974; Malm et al.,1976; Young et al., 1977). This shows that piglets from sows fed high levels of 
dietary vitamin E during lactation, have ingested more a-tocopherol via milk than piglets from sows 
fed low levels of dietary vitamin E. 
In summary: it can be concluded that a high level of vitamin E in the sow's diet which includs either 
sunflower oil or animal fat, significantly increased the serum a-tocopherol concentration in sows just 
after farrowing and also at weaning. In colostrum, the combination of high dietary vitamin E with 
animal fat gave the highest a-tocopherol concentration. At weaning a-tocopherol in milk fat was 
highest in both fat groups with high dietary vitamin E. The a-tocopherol concentration in piglet 
serum at only one week of age was increased significantly by the high level of dietary vitamin E in 
the sow's diet. Data from the present studies (Table 5) also indicate that the higher dietary vitamin 
E intake of sows may have a greater effect on a-tocopherol concentration in sow's serum, colostrum 
and milk (direct effect via feed) than on a-tocopherol concentration in piglets serum (indirect effect 
via sow milk). Data also suggest that the serum a-tocopherol concentration may not completely reflect 
General discussion 136 
the vitamin E status of piglets. Some other parameters like total body vitamin E may be a better 
indicator than serum vitamin E. 
VI . Blood and immunological variables of sows and piglets 
General remarks 
During the course of our studies of vitamin E, we determined the effects of vitamin E on some 
blood cell parameters such as total leucocyte counts, lymphocyte differentiation and immunoglobulin 
levels. On the other hand, it seems of importance to test active immune parameters such as 
lymphocyte stimulation, antibody production and lysozyme activity. These immune characteristics 
may be of importance for the health status of sows and piglets. 
Sows 
Percentages of T-lymphocytes and a lymphocyte stimulation test showed no vitamin E or fat 
effect post partum or at weaning (Chapter 5). During lactation only a small increase in percentages 
of T-lymphocytes was observed in all treatment groups. Results indicate that cell-mediated immunity 
of sows as tested, were not significantly affected by vitamin E supplementation or by fat addition to 
the diet. 
The percentage of B-lymphocytes after farrowing was not affected by dietary vitamin E. The 
sunflower oil group, however, showed a higher value for B-lymphocytes than the animal fat group 
(P < 0.05). At the end of lactation, some increase in B-lymphocytes was found with increasing dietary 
vitamin E intake. In the sunflower oil group, this value was higher (P < 0.05) than in the animal fat 
group. Data on B-lymphocytes may suggest that the humoral immune status of sows at weaning was 
only slightly affected by dietary vitamin E. However, it should be noted also that at that time this 
higher percentage of B-lymphocytes was related to a decreased level of serum IgG. This phenomenon 
illustrates that the number of B-lymphocytes is a reflection of the capacity of antibody production 
and not of the actual serum Ig levels. A regulatory role of vitamin E on the antibody production was 
discussed in Chapter 5. 
Several papers reported increased antibody production in animals after supplementation with 
vitamin E (Nockels, 1986; Pharazyn et al., 1990). However, our data suggest a discrepancy between 
specific antibody production and the total immunoglobulin values. This may indicate that the total 
immunoglobulin concentration gives only part of the information about the humoral immune response 
of animals. At the end of lactation the lowest values of IgG in milk were found in sows fed most 
vitamin E (P < 0.05). This response is similar to that recorded for serum IgG concentrations. 
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Piglets 
The results for immunological variables in piglets were given and have been discussed in Chapter 6. 
The blood and immunological parameters tested, indicate that the vitamin E levels and types of fat 
in the sows' diet had no effect on the cell-mediated immunity of suckling and weaned piglets. 
Bendich et al. (1986) reported a positive correlation between serum a-tocopherol levels and 
lymphocyte mitogen response stimulation in rats. This suggests that in rats an effect of dietary vitamin 
E on the lymphocyte mitogen response was found if the serum a-tocopherol was increased. In our 
study, no such increase of serum a-tocopherol in piglets at weaning or after weaning was found. This 
may be the reason why no treatment effect on T-lymphocyte mitogen responses were found compared 
to the study of Bendich et al. (1986). These results again emphasize the need to measure the vitamin 
E digestibility as a measure of uptake of vitamin E. 
The IgG levels just after birth were very low in all treatment groups. Values for IgG in piglets serum 
before colostrum intake may be explained by the development of immunocompetence by pig foetuses 
after 70 days of gestation according to Jönsson, 1973; Metzger et al., 1978 and Watson et al., 1979. 
Although the IgG levels at 1 week of age were increased in all groups compared with data at birth, 
no significant treatment effect was found. Hayek et al. (1989) reported that a single i.m. injection of 
vitamin E and/or selenium on day 100 of pregnancy significantly increased IgG concentrations in the 
piglets blood on day 14 of lactation. Such a clear vitamin E effect was not found in our investigation. 
In our study, the specific antibody production against ovalbumin resulted in an increased titre (P < 
0.05) one week after immunization in weaned piglets originating from sows fed a high level of dietary 
vitamin E. This may suggest that there is a carryover effect on piglets postweaning from the level of 
vitamin E in the sow's diet during suckling. In the present study, the antibody production of pigs 
against tetanus toxoid was not affected by vitamin E. Peplowski et al. ( 1981 ) showed a positive effect 
from vitamin E in the rearing diet in weaning pigs on the humoral immune response during several 
weeks after immunization. Both studies indicate that vitamin E can have an effect on immune 
response of piglets. In our study this response may be a carryover effect from the sow's diet, though 
the study of Peplowski et al. (1981), suggests that a direct effect of the piglets' diet on the immune 
response may be longer. Both may be expressions of the same phenomenon. 
On the other hand, studies with weaned piglets did not indicate an effect of dietary vitamin E on 
humoral and cell-mediated immune response (Kornegay, 1986; Bonnette et al., 1990 a,b). Inconsistent 
data in the literature, indicate that many other factors which are not related directly to the treatments 
such as different history of animals before experiment, different age, antigens, experimental 
approach, and different environment, also may influence the effect of vitamin E. 
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In our study, an increased lysozyme level was found in the blood of one-week-old piglets from 
sows fed medium levels of vitamin E. With the high vitamin E level, however, this concentration 
decreased. This may indicate that the medium level of vitamin E in the lactation sow's diet can 
increase the lysozyme activity of pigs at one week of age. A similar observation was made with 
suckling piglets by Plyashchenko and Grigorev (1985). Both studies suggested that a high level of 
vitamin E in the sow's diet depressed the lysozyme concentration in piglets' blood. The reason of 
decrease effect of high level of dietary vitamin E on the concentration of lysozyme from the present 
study is not known. 
In conclusion, it can be stated that the cell-mediated immunity as determined by mitogen 
stimulation and the lysozyme activity of sows were not affected by dietary vitamin E levels or by 
different types of dietary fat. The humoral immune system was only slightly influenced by the 
combinations of vitamin E and fat used. These results suggest that the dietary vitamin E has some 
effect (although minor) on the immune system in adult animals. 
The cell-mediated immunity as measured in suckling and weaned piglets was not affected by the level 
of vitamin E in the sow's diet. However, the humoral immune response was increased at one week of 
age after immunization for weaned piglets from sows fed the high level of vitamin E during suckling. 
Also, the lysozyme activity of piglets at one week of age was increased by the medium vitamin E level 
in the sow's diet. There was no carryover effects of vitamin E in the sow's diet on the performance 
of piglets. It cannot be excluded that under more stressful conditions there might have been 
differences and in that case a high dietary vitamin E may be beneficial. Fat sources in the sow's diet 
had no consistent effect on the immunological measurements of piglets. 
VII. Final conclusions 
From the studies of present thesis the following conlusions can be drawn: 
1. A high level of fat in the lactation diet (125 g/kg DM) decreased the daily heat production of 
sows compared to the low fat level (37 g fat/kg DM). This lower heat production can have a 
beneficial effect on energy intake of sows, especially at high ambient temperatures. 
2. Daily milk-related heat production is lower for sows fed a high level of dietary fat compared to 
the sows fed a diet in which the dietary fat level was lower and dietary starch higher. 
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3. The high respiratory quotients and the calculated amount of milk fat from non-fat nutrients in 
the diet, indicated that sows fed low (37 or 43 g fat/kg DM) or a moderate-fat diet (75 g fat/kg 
DM) needed to synthetize more milk fat from other dietary sources than from fat, i.e. 
carbohydrates compared to high-fat diet (125 g fat/kg DM). 
4. The partial efficiency of milk energy production from metabolizable energy from dietary fat was 
estimated to be from 89 to 94 %. 
5. The efficiency of milk production from ME-feed above maintenance requirement, was improved 
significantly when sows were fed high level of dietary fat during lactation. 
6. The moderate level of dietary fat (75 g fat/kg DM) showed no difference in the metabolic rate 
of lactating sows compared to the low level (43 g fat/kg DM). Also, the energy metabolism of 
sows was not influenced by the different levels of dietary vitamin E. 
7. The milk production of sows was not improved by high level of dietary fat nor by different 
levels of dietary vitamin E. 
8. The lactation performance of piglets was not clearly influenced by the different levels of dietary 
fat nor by the vitamin E in the sow's diet. 
9. The high level of vitamin E in the sow's diet including either sunflower oil or animal fat 
significantly increased the serum a-tocopherol concentration in sows just after farrowing and 
at weaning. The a-tocopherol concentration in piglet serum at only one week of age was 
increased significantly by the high level of dietary vitamin E in the sow's diet. 
10. The combination of high dietary vitamin E with animal fat gave the highest a-tocopherol 
concentration in colostrum. At weaning, a-tocopherol in milk fat was highest in both fat groups 
with high dietary vitamin E. 
11. We did not demonstrate any effect of the cell-mediated immunity of lactating sows by dietary 
vitamin E levels. The humoral immune system of sows was only slightly affected by the 
combination of vitamin E and fat given. 
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12. The cell-mediated immunity of suckling and weaned piglets was not affected by different levels 
of vitamin E or types of dietary fat in the sow's diet. Assuming that an increase of antibody 
production (against ovalbumin) is beneficial for immune reactivity, the high level of vitamin E 
in the sow's diet during lactation can improve the immune status of weaned piglets one week 
after immunization. 
13. The medium level of vitamin E (48 mg/kg) in the pregnancy and lactation diet can increase the 
lysozyme concentration in piglets at one week of age, which indicates a higher lysozyme activity. 
14. The results of our studies show that a high level of fat in the sow's lactation diet can influence 
the energy metabolism of sows and the energetic efficiency of milk production. The high dietary 
fat level improved the milk fat output. 
The high level of dietary vitamin E in the pregnancy and lactation diet had no consistent effect 
on the cell-mediated and humoral immune response of lactating sows. The results of present 
studies suggest that there may be reason to adjust vitamin E levels in sow's diets to improve some 
immunological variables in piglets. The fat sources in the sow's diet had no consistent effect on 
the piglets immunological parameters. 
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The main nutritional goal for lactating sows is to optimize lactation weight loss and improve milk 
production (or milk nutrients production) and litter performance. Therefore, it is important to study 
the effect of dietary components on the amount and composition of milk. For this reason the fat and 
protein mobilization in sow's body (energy metabolism of sows) need to be known also. 
Results from the literature indicate that dietary energy intake can play an important role in 
altering these traits. Because gilts consume about 15% less energy during lactation compared to 
multiparous sows there is less possibility to improve the lactation energy intake by increasing daily 
feed consumption. Another possibility may be to increase the energy density of the diets by the 
addition of fat. 
The dietary fat level can be also an important component for vitamin E requirement. Vitamin E 
is known to act as an antioxidant. This vitamin is a fat-soluble. Fat may therefore facilitate the 
vitamin E absorbtion and therefore, it may influence the health status of the animals and probably 
of the performance of sows and piglets. 
From the literature it was concluded (General Introduction), that the effect of fat addition to the 
sow's diet on the practical traits (weight of sows and piglets, milk components, milk production, 
survival of piglets) has been studied extensively. Data in the literature showed that adding fat to sow 
diets improved pig survival in several studies. However, the improvement is small and has not been 
observed in all experiments. Data also showed that fat supplementation had no consistent effect on 
milk production of sows. From the literature it was also concluded that there is only very limited 
information on the energy metabolism of lactating sows fed various levels of dietary fat. 
Results from different literature sources suggested that dietary vitamin E can increase the a-
tocopherol concentration in serum colostrum and milk. The studies with chicken, rats, mice, weaning 
and growing pigs sometimes indicated that vitamin E can influence the immune system of animals. 
However, there is only a limited number of systematic studies on the effect of dietary vitamin E on 
immune response in lactating sows and suckling piglets. Results available showed only minor positive 
vitamin E effects on reproduction performance and on milk production of sows. 
Therefore, in the present thesis the effect of two nutrients (dietary fat and vitamin E) was studied 
on the energy metabolism and lactation performance as well as on the amount and composition of 
milk of primiparous sows (Chapters 1,2 and 3). The effect of dietary vitamin E and different types 
of dietary fat in the sow's diet, on the performance and on the immune system of the lactating sows 
and their piglets was also studied (Chapters 4, 5 and 6). 
In two experiments, a total of 63 primiparous PIC (Pig Improvement Company, England) hybrid 
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sows were used to study the effect of different fat and vitamin E levels in the lactation diet on the 
energy metabolism, and milk production of sows and on the performance of sows and their piglets 
during lactation. 
In experiment 1, the major difference in energy sources in the lactation diets were tapioca starch or 
animal fat. Fifteen sows received the low-fat diet (starch and fat content: 396 and 43 g/kg DM, 
respectively) and 16 sows were fed moderate-fat diet (starch and fat content: 286 and 75 g/kg DM, 
respectively) during 4 weeks of lactation. 
In experiment 2, 200 g/kg cornstarch was substituted by animal fat on the basis of expected net 
energy content. Sixteen sows were fed during 4 weeks of lactation a low-fat diet (starch and fat 
content: 418 and 37g/kg DM, respectively) and 16 were fed a high-fat diet (starch and fat content: 
266 and 125 g/kg DM, respectively). Vitamin E (as a-tocopherol) contents of feeds in experiment 1 
were 14 and 126 mg/kg diet, respectively and in experiment 2, 22 and 151 mg/kg diet respectively. 
In both experiments, energy and nitrogen balances of sows were measured in respiration chambers 
between days 18 and 25 of lactation. Heat production (sows plus piglets per chamber) was determined 
indirectly by measurement of the C02 produced and the 0 2 consumed. The milk production of sows 
was measured on five separate days during lactation by weighing the litters (several times per day) 
before and after suckling. 
In another series of experiments, a total of 45 PIC gilts (7-8 animals per treatment) were used to 
study the effect of different levels of dietary vitamin E (13, 48 and 136 mg a-tocopherol per kg feed 
respectively) and fat source (5% sunflower oil or animal fat) in pregnant and lactating sows diets on 
lactation performance of sows and performance of piglets. From the total number of 45, 36 gilts (six 
gilts per treatment) were used to study the effect of dietary vitamin E and fat source on a-tocopherol 
concentration in serum and on cell-mediated and humoral immune response of lactating sows and 
their piglets. The a-tocopherol concentration in colostrum and milk was also measured. Gilts each 
received one of six diets throughout pregnancy and during 4 weeks of lactation. 
The blood samples from sows and piglets were analysed for a-tocopherol concentration, total number 
of leucocytes and T- and B-lymphocyte counts. In blood (from sows and piglets) lymphocyte 
stimulation with concanavaline A, lysozyme activity and immunoglobulin concentrations were also 
measured. In milk samples, a-tocopherol and immunoglobulin concentrations were determined at 
farrowing and also at weaning. After weaning all piglets received identical diets (20 mg a-
tocopherol/kg diet). One week after weaning pigs were immunized (i.m. with ovalbumin and tetanus 
toxoid) and antibody production was measured. 
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From the results of experiments reported in the present thesis the following main conclusions were 
drawn: 
1. A high level of fat in the lactation diet (125 g/kg DM) decreased the daily heat production of 
sows compared to the low fat level (37 g fat/kg DM). This lower heat production can have a 
beneficial effect on energy intake of sows, especially at high ambient temperatures (Chapter 
1 and 2). 
2. Daily milk-related heat production was lower for sows fed a high level of dietary fat compared 
to the sows fed a diet in which the dietary fat level was lower and dietary starch higher 
(General Discussion). 
3. The high respiratory quotients and the calculated amount of milk fat from non-fat nutrients 
in the diet, indicated that sows fed low (37 or 43 g fat/kg DM) or a moderate-fat diet (75 g 
fat/kg DM) needed to synthetize more milk fat from other dietary sources (i.e. carbohydrates) 
than from fat, compared to high-fat diet (125 g fat/kg DM), (Chapter 2 and General 
Discussion). 
4. The partial efficiency of milk energy production from metabolizable energy from dietary fat 
was estimated to be from 89 to 94 % (General Discussion). 
5. The efficiency of milk production from ME-feed above maintenance requirement, was 
improved significantly when sows were fed high level of dietary fat during lactation (Chapter 
1). 
6. The moderate level of dietary fat (75 g fat/kg DM) showed no difference in the metabolic rate 
of lactating sows compared to the low level (43 g fat/kg DM). Also, the energy metabolism of 
sows was not influenced by the different levels of dietary vitamin E (Chapter 1 and 2). 
7. The milk production of sows was not improved by high level of dietary fat nor by different 
levels of dietary vitamin E (Chapter 3 and 4). 
8. The lactation performance of piglets was not clearly influenced by the different levels of 
dietary fat nor by the vitamin E in the sow's diet (Chapter 3 and 4). 
9. The high level of vitamin E in the sow's diet including either sunflower oil or animal fat 
significantly increased the serum a-tocopherol concentration in sows just after farrowing and 
at weaning. The a-tocopherol concentration in piglet serum at only one week of age was 
increased significantly by the high level of dietary vitamin E in the sow's diet (Chapter 5 and 
6). 
10. The combination of high dietary vitamin E with animal fat gave the highest a-tocopherol 
concentration in colostrum. At weaning, a-tocopherol in milk fat was highest in both fat groups 
with high dietary vitamin E (Chapter 5). 
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11. We did not demonstrate any effect of the cell-mediated immunity of lactating sows by the 
dietary vitamin E levels. The humoral immune system of sows was only slightly affected by the 
combination of vitamin E and fat given (Chapter 5). 
12. The cell-mediated immunity of suckling and weaned piglets was not affected by different 
levels of vitamin E or types of dietary fat in the sow's diet. Assuming that an increase of 
antibody production (against ovalbumin) is beneficial for immune reactivity, the high level of 
vitamin E in the sow's diet during lactation can improve the immune status of weaned piglets 
one week after immunization (Chapter 6). 
13. The medium level of vitamin E (48 mg/kg) in the pregnancy and lactation diet can increase the 
lysozyme concentration in piglets at one week of age, which indicates a higher lysozyme 
activity (Chapter 6). 
The results of our studies show that a high level of fat in the sow's lactation diet can influence 
the energy metabolism of sows and the energetic efficiency of milk production. The high dietary fat 
level improved the milk fat output. 
The high level of dietary vitamin E in the pregnancy and lactation diet had no consitent effect on the 
cell-mediated and humoral immune response of lactating sows. The results of present studies suggest 
that there may be reason to adjust vitamin E levels in sow's diets to improve some immunological 






Een optimale voeding van lakterende zeugen is voor wat betreft melkproduktie en gewichtsverlies 
gericht op het voorkómen van negatieve gevolgen voor vruchtbaarheid, levensduur en 
biggenproduktie. Daarom is de mogelijke invloed van de voedersamenstelling op de melkproduktie 
en op de melksamenstelling een belangrijk aspekt. De voersamenstelling bepaalt immers mede de 
hoeveelheden vet en eiwit, die behalve uit voer uit het lichaam van de zeug voor de melkproduktie 
moeten worden gemobiliseerd. 
Uit de literatuur blijkt dat energieopname door lakterende zeugen uit het voer een rol kan spelen bij 
de melksamenstelling. Eerste worps zeugen nemen gemiddeld 15% minder voer op dan meerdere 
worps zeugen. Daarom is er bij deze dieren ook bijna geen mogelijkheid om de energieopname te 
verhogen door het verstrekken van meer voer. Door verhoging van de energieconcentratie in het voer 
door toevoeging van vet kan mogelijk wel de voeropname verhoogd worden. 
Vet is niet alleen belangrijk voor de energievoorziening. Ook vitamine E als vetoplosbaar 
vitamine is een bestandeel van vet in het rantsoen. Vitamine E kan omgekeerd ook invloed op vet 
uitoefenen omdat het een natuurlijk antioxidant is. Vitamine E en vet kunnen mogelijk dus eikaars 
verteerbaarheid en dus ook hun effekt op het dier beïnvloeden. Omdat vitamine E in verband kan 
worden gebracht met gezondheid en weerstand is een interactie van vet met vitamine E hiervoor ook 
een belangrijk aspekt van onderzoek. 
In de algemene inleiding is een overzicht gegeven met betrekking tot de literatuur aangaande het 
effekt van vettoevoeging aan voeders voor zeugen. De algemene conclusie uit de literatuur is dat er 
veel praktische proeven met vettoevoeging aan voer voor drachtige en lakterende zeugen zijn 
uitgevoerd. Gewichtsverandering van zeug en biggen, melkproduktie en melksamenstelling alsook 
mortaliteit zijn uitgebreid onderzocht. In sommige studies werd door extra vet in het voeder een 
toename van het aantal overlevende biggen gevonden. Deze toename was niet erg groot en dit werd 
bovendien niet in alle onderzoekingen gevonden. 
De studies toonden geen systematisch effekt aan van extra vet in het voer op de melkproduktie. 
In sommige rapporten werd bovendien geopperd dat er een invloed kan zijn van de vethoeveelheid 
in het ratsoen of voeder op de energiestofwisseling van lakterende zeugen. 
Resultaten uit verschillende proeven suggereren ook dat het vitamine E gehalte in het voer het 
vitamine E gehalte in bloedserum en in colostrum en melk kan verhogen. Onderzoekingen met 
muizen, ratten, kippen en varkens toonden soms een positief effekt aan van vitamine E in het 
rantsoen op het immuunsysteem. Bij lakterende zeugen en biggen is echter nog nauwelijks 
systematisch onderzoek hiernaar verricht. De studies suggereren ook een klein positief effekt van 
vitamine E op reproduktie en melkproduktie. 
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In de in dit proefschrift beschreven onderzoekingen werd het effekt van vet en van vitamine E 
op de energiestofwisseling, de melkproduktie en de melksamenstelling bestudeerd bij eerste 
worpszeugen (Hoofdstukken 1, 2 en 3). In een andere serie proeven (Hoofdstukken 4, 5 en 6) werd 
de invloed van het soort vet (plantaardig of dierlijk) in samenhang met vitamine E op enkele 
immuunkenmerken van de zeug en van biggen bestudeerd. 
In de twee eerste proeven met in totaal 63 eerste worps zeugen werd het effekt van verschillend 
vet en vitamine E-niveau in het voer bestudeerd. Er werden metingen verricht met betrekking tot de 
energiebalans, de melkproduktie en de melksamenstelling. Ook werd de gewichtsontwikkeling van 
de dieren gedurende de laktatie bestudeerd. 
In experiment 1 werd het verschil onderzocht tussen rantsoenen met zetmeel (uit tapioca) of 
dierlijk vet als energiebron. Vijftien zeugen kregen een laag vet rantsoen (zetmeel en vetgehalte resp. 
396 g en 43 g per kg droge stof); zestien andere dieren kregen meer vet en minder tapioca zetmeel 
(resp. 75 g vet en 286 g zetmeel per kg droge stof) in het rantsoen gedurende een laktatieperiode van 
vier weken. Het vitamine E-gehalte in experiment 1 was resp. 14 en 126 mg per kg voer in de laag 
en hoog vitamine E groep. 
In experiment 2 werd 200 g maiszetmeel per kg voer op basis van verwachte netto energiegehalte 
vervangen door dierlijk vet. Zestien zeugen kregen een laag vetrantsoen (resp. 418 g en 37 g zetmeel 
en vet per kg droge stof). Zestien andere zeugen ontvingen een rantsoen met een hoog vetgehalte en 
een lager zetmeelgehalte (resp. 125 g vet en 266 g zetmeel per kg droge stof). 
Per kg voer werd 22 mg en 151 mg vitamine E verstrekt aan resp. de laag en hoog vitamine E niveau 
dieren. In beide proeven werd tussen 18 en 25 dagen laktatie de energiebalans gemeten. De 
warmteproduktie werd berekend uit de gemeten waarden van 02-opname en C02-uitscheiding. De 
melkproduktie werd gedurende 5 dagen gemeten door de biggen enkele keren per dag voor en na het 
zogen te wegen. 
In de andere serie proeven werden 45 zeugen (7 of 8 dieren per behandeling) gebruikt om de 
effekten van verschillende niveaus van vitamine E (resp. 13, 48 en 136 mg a-tocopherol per kg voer) 
en het effekt van de vetbron (resp. zonnebloemolie en dierlijk vet) te onderzoeken. Het effekt werd 
onderzocht bij zeugen tijdens dracht en laktatie met als onderzoekscriteria de melkproduktie en de 
ontwikkeling van de biggen. Van deze 45 zeugen werden er tevens 36 gebruikt om de effekten van 
vetbron (plantaardig of dierlijk) en vitamine E-niveau (laag, midden en hoog) op het vitamine E 
niveau in het serum en op de cellulaire en humorale immuniteit te meten. Deze laatste aspekten 
werden zowel bij zeugen als bij biggen gemeten. Ook vitamine E-gehalten in colostrum en in melk 
werden geanalyseerd. 
Bloedwaarden van zeugen en biggen werden geanalyseerd op vitamine E, totaal leucocyten en op de 
Samenvatting 153 
T- en B-lymphocyten. In het bloed van zeugen en biggen werd, behalve de lymphocytenstimulatie 
door concavaline tevens de lysosyme activiteit en de immunoglobuline-gehalten gemeten. Vlak na 
afbiggen en bij het spenen werden ook vitamine E- en immunoglobuline-gehalten gemeten. Na het 
spenen ontvingen alle biggen eenzelfde voer met 20 mg a-tocopherol per kg. Een week na het spenen 
werden de dieren geïmmuniseerd met ovalbumine en tetanustoxoid en de antilichaamproduktie 
hiertegen werd een week later gemeten. 
De resultaten leiden tot de volgende conclusies: 
1. Een hoog vetniveau in het laktatie voer (125 g/kg droge stof) verlaagt de warmteproduktie 
van zeugen in vergelijking met een laag vetniveau (37 g/kg droge stof). Er werd 
geconcludeerd dat dit gunstig kan zijn voor de energie-opname doordat het hoge vetniveau 
een minder hoge hittebelasting geeft bij hoge temperatuur (Hoofdstukken 1 en 2). 
2. De dagelijkse warmteproduktie die ontstaat bij melksynthese is verlaagd bij dieren op een 
hoog vetrantsoen (Hoofdstuk "Algemeen Discussie"). 
3. De verschillen in respiratiequotiënten (verhouding C02 geproduceerd/02 geconsumeerd) 
geven aan dat dieren op hoog vet dieet (125 g/kg droge stof) veel minder vet hoeven te 
synthetiseren uit nutriënten anders dan vet dan de dieren op een laag of midden vet dieet (37 
of 43 g/kg droge stof en 75 g/kg droge stof), (Hoofdstuk "Algemeen Discussie"). 
4. De partiële efficiëntie voor de produktie van melkenergie uit de verteerbaar energie uit vet 
werd berekend als 89 tot 94 % (Hoofdstuk "Algemeen Discussie"). 
5. De efficiëntie van de produktie van melkenergie uit omzetbare energie boven onderhoud werd 
significant verhoogd bij meer vet in het rantsoen (Hoofdstuk 1 ). 
6. Tussen midden vetniveau en laag vetniveau werden geen duidelijke verschillen in 
stofwisseling en in efficiëntie gevonden. Het vitamine E-niveau had geen enkele invloed op 
de energiestofwisseling van zeugen noch bij laag, midden of hoog vetniveau (Hoofdstukken 
1 en 2). 
7. De melkproduktie van zeugen werd niet beïnvloed door het vetniveau in het rantsoen 
(Hoofdstukken 3 en 4). Het vetgehalte in de melk was enigszins verhoogd bij meer vet in het 
rantsoen. 
8. De groei van biggen tijdens de lactatie was niet duidelijk beïnvloed door vitamine E-niveau 
in het voer van de zeug (Hoofdstukken 3 en 4). 
9. Een hoog vitamine E-niveau in rantsoenen met veel plantaardig of dierlijk vet voor drachtige 
en lakterende zeugen verhoogde het serum tocopherolgehalte duidelijk bij de zeugen zelf 
zowel bij werpen als bij spenen. Bij biggen was deze verhoging eveneens aanwezig en was het 
duidelijkst toen de dieren een week oud waren (Hoofdstukken 5 en 6). 
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10. De zeugen die voer ontvingen met een hoog vitamine E-gehalte en met dierlijk vet gaven 
colostrum met het hoogste gehalte aan a-tocopherol (Hoofdstuk 5). Bij spenen was het a-
tocopherol-gehalte in melkvet het hoogst in beide vetgroepen met hoog vitamine E (Hoofdstuk 
5). 
11. Er werd geen effekt gevonden van vitamine E-niveau op de cellulaire immuniteit van zeugen. 
De humorale immuniteit werd in beperkte mate beïnvloed door de verstrekte combinatie van 
vitamine E en vet (Hoofdstuk 5). 
12. Bij de biggen werd geen effekt van vitamine E en ook niet van het soort vet in het rantsoen 
op de cellulaire immuniteit gevonden. 
Een hoger vitamine E-gehalte in het zeugenrantsoen kan de titer tegen ovalbumine na het 
spenen verhogen (Hoofdstuk 6). 
13. Een gemiddeld vitamine E-niveau van 48 mg/kg voer gedurende de dracht en laktatie kan de 
lysozyme concentratie en activiteit bij biggen van een week oud verhogen (Hoofdstuk 6). 
De resultaten van deze studies tonen aan dat een hoog vetniveau in het rantsoen van zeugen de 
energiestofwisseling positief kan beïnvloeden door verhoging van de efficiëntie van melkvorming. 
Een hoog vetniveau in het voer verhoogde het vetgehalte in de melk enigszins. 
Een hoog vitamine E-niveau had geen invloed op de energiestofwisseling en ook geen consistent 
effekt op de cellulaire en humorale immuunrespons van lakterende zeugen. Uit dit onderzoek blijkt 
dat er mogelijk aanleiding is het vitamine E-gehalte in zeugen-voer nader aan te passen, om 
immunologische parameters bij biggen te verbeteren. 
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